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PREFACE 


In  conjunction  with  the  XXIll  International  Geographical  Congress  held  in  the 
Soviet  Union  during  July  and  August  1976,  a special  symposium  (K-29)  was  con- 
ducted in  Leningrad  between  22  and  26  July  1976  entitled  Geography  of  Polar 
Countries.  The  symposium  was  organized  by  A.F.  Treshnikov  of  the  Arctic  and 
Antarctic  Research  Institute  (AARI)  and  hosted  by  AARJ  and  the  Soviet  Geo- 
graphical Society.  The  Symposium  was  divided  into  three  sessions: 

I  Polar  Environment,  Natural  Resources,  and  their  Exploration  and 
Exploitation 

II  Past,  Present  and  Future  Economic  Developments  in  the  Polar  Regions 

III  Polar  Environment  Protection 

Extended  summaries  of  the  83  papers  listed  in  Appendix  A were  published  in  sep- 
arate English  and  Russian  language  volumes,  edited  by  A.F.  Treshnikov  (Chief 
Editor),  V.M.  Kamenev,  Ye.S.  Korotkevich,  A.  Ya.  Minevich  and  I.M.  Simonov. 

The  papers  in  Session  III  on  polar  environment  protection  are  particularly  rele- 
vant to  our  growing  concern  over  environmental  protection  in  polar  regions.  In 
the  U.S.,  Public  Law  94-282  states  that  “Congress  finds  and  declares  that  science 
and  technology  should  contribute  to  the  following  priority  goals  without  being 
limited  thereto:  ...(7)  providing  for  the  protection  of  the  oceans  and  coastal  zones, 
and  the  polar  regions,  and  the  efficient  utilization  of  their  resources.”  In  1974  the 
U.S.  and  U.S.S.R.  entered  into  an  environmental  protection  agreement.  One  sub- 
project  under  this  agreement  is  the  "Protection  of  Northern  Ecosystems”  which  is 
co-chaired  by  the  Soviet  Ministry  of  Agriculture  and  the  U.S.  Department  of  Inter- 
ior. In  conjunction  with  the  1976  protocol  the  U.S.  encouraged  participation  in 
this  special  Leningrad  symposium.  Dr.  J.  Brown  (U.S.)  and  Dr.  S.  Uspenski 
(U.S.S.R.),  both  members  of  the  work  group  on  the  Protection  of  Northern  Eco- 
systems, co-chaired  Symposium  Section  III. 

The  following  report  contains  the  full  texts  or  extended  summaries  of  a number 
of  the  U.S.  papers  and  a Russian  summary  of  each.  In  addition,  we  have  taken  the 
liberty  of  reproducing,  in  English  and  Russian,  the  summaries  of  a number  of  Soviet 
contributions  which  we  consider  particularly  relevant  to  the  question  of  environ- 
mental protection  in  permafrost  regions.  The  main  purpose  in  preparing  this  re- 
port is  to  make  available  to  a wide  audience  the  materials  presented  by  the  U.S. 
participants  and  our  Soviet  colleagues. 

Attendance  at  the  symposium  was  enhanced  by  the  U.S.-U.S.S.R.  Environmental 
Agreement  since  several  U.S.  participants  were  cnroute.  In  addition,  the  National 
Science  Foundation  provided  travel  assistance  to  several  of  the  U.S.  participants. 
The  U.S.  participants  express  their  appreciation  to  the  Soviet  organizers  of  this 
symposium  for  the  possibility  to  exchange  ideas  on  the  important  subject  of 
environmental  protection  in  polar  regions. 

The  material  presented  in  these  papers  does  not  represent  the  opinions  of  USA 
CRREL. 


JERRY  BROWN 
Research  Soil  Scientist 
USACRREL 
Hanover,  N.H. 
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PLANNING  TO  MITIGATE  ENVIRONMENTAL  IMPACT 

Curtis  V.  McVee* 


INTRODUCTION 

The  Arctic  zone  is  universally  identified  as  the  area 
north  of  66°  North  Latitude.  In  Alaska,  the  crest  of 
the  Brooks  Range  is  popularly  considered  the  dividing 
line  between  the  Arctic  and  subarctic  zones.  The  foot- 
hills and  coastal  plain  north  of  the  crest  of  the  Brooks 
Range  are  characterized  by  short,  cool,  moist  sum- 
mers and  dry,  cold,  long  winters.  By  way  of  contrast, 
the  foothills  and  interior  valleys  to  the  south  of  the 
crest  enjoy  short,  warm,  dry  summers  and  very  cold 
winters.  For  purposes  of  definition,  further  refer- 
ences to  the  Alaska  Arctic  zone  in  this  paper  will  be 
limited  to  the  area  north  of  the  crest  of  the  Brooks 
Range.  However,  this  paper  will  not  be  limited  to  the 
Arctic  zone  and  will  include  discussion  on  the  Arctic 
and  subarctic. 

The  Arctic  zone  in  Alaska  and  the  high  Arctic 
plains  of  Canada  are  the  last  remaining  undeveloped 
areas  in  North  America.  Demands  for  resources,  es- 
pecially minerals  and  oil  and  gas,  plus  the  rapid  evo- 
lution and  development  of  new  technology  enabling 
man  to  operate  more  efficiently  in  cold  climates  are 
exerting  increasing  use  pressures  on  the  Arctic. 

Unique  life  forms  and  ecosystems  have  evolved 
over  time  in  adaptation  to  the  severe  climatic  condi- 
tions. Permafrost  appears  to  be  a key  feature  of 
ecosystem  evolution,  acting  as  a sea)  against  deep  per- 
colation of  the  limited  precipitation.  By  any  meas- 
ure, the  Alaskan  Arctic  is  a very  fragile  ecosystem, 
influenced  by  precipitation  typical  of  dry  or  very  dry 
desert  areas. 

Because  of  the  harsh  climate  and  general  low  pro- 
ductivity, even  minor  changes  effected  in  this  environ- 
ment can  trigger  spectacular  and  long-lasting  impacts. 
Massive  changes,  if  allowed  to  occur,  can  have  pro- 
found and  long-term  effects,  generating  permanent  and 
irreversible  ecosystem  changes. 

Historically,  the  Arctic  region  has  been  sparsely 
settled  because  of  the  extreme  climatic  conditions 
and  the  limited  carrying  capacity  of  renewable  re- 
sources. As  a result,  large  areas  of  the  Arctic  are  es- 
sentially in  a pristine  condition.  Man’s  use  of  the 


Arctic  will  result  in  some  impact  on  the  ecosystem. 
However,  if  disturbance  of  the  vegetative  cover  is 
minimized  or  is  accomplished  utilizing  known  engineer- 
ing and  biological  principles,  long-term  damage  can  be 
avoided. 

The  search  for  new  reserves  of  oil  and  gas  in  the 
Arctic  region  of  North  America  is  rapidly  increasing 
in  pace  and  intensity.  Discovery  and  exploitation  of 
significant  reserves,  such  as  those  at  Prudhoc  Bay,  can 
be  expected  to  occur.  As  energy  demands  increase, 
extraction  of  coal  reserves  will  also  become  a reality. 
Major  developments  and  settlements  to  facilitate  re- 
source extraction  are  likely  to  be  ephemeral  in  nature 
intense  concentrated  development  and  activity  for  a 
finite  period  of  time,  then  eventual  abandonment. 

Even  those  uses  dependent  on  renewable  resources, 
such  as  grazing  and  timber  production,  must  be  ap- 
proached with  caution  so  as  not  to  destroy  the  very 
ecosystem  which  produces  the  forage  or  the  timber. 

Problems  of  development  reach  far  beyond  the  im- 
mediate confines  of  the  Arctic  area.  The  tendrils  of 
access  roads  and  pipelines  in  the  Arctic  and  subarctic 
areas  may  eventually  link  with  established  road  and 
pipeline  systems  far  to  the  south.  A permanent  legacy 
of  the  search  for,  and  development  of,  oil  and  gas  re- 
sources of  the  Arctic  will  be  a network  of  access  roads, 
airstrips  and  pipeline  routes.  Some  of  these  will  likely 
remain  in  place  though  no  longer  used  by  industry,  and 
some  will  be  utilized  by  recreationists. 

The  problem,  reduced  to  elemental  terms,  facing 
the  Arctic  land  manager  is  how  to  accommodate  such 
development  and  use  while  minimizing  long-temi  im- 
pacts on  die  Arctic  ecosystems.  One  thing  should  be 
emphasized  at  this  point.  Any  use  and  development 
in  the  Arctic  will  result  in  some  visual  landscape 
changes.  Such  changes,  however,  need  not  necessarily 
result  in  a significant  reduction  or  alteration  in  the 
basic  productivity  of  the  ecosystems  involved. 

Land  use  planning  is  one  management  tool  which 
can  be  effectively  utilized  to  prevent  and/or  minimize 
impacts.  Because  of  the  wide  areal  expanse  of  the 
Arctic  and  the  support  systems  necessary  through  the 
subarctic  regions,  a method  is  needed  to  evaluate  and 


* State  Director,  Bureau  of  Land  Management,  Anchorage,  Alaska. 
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identify  areas  which  should  be  given  priority  atten- 
tion. 


SUGGESTED  PLANNING  APPROACH  FOR 
ARCTIC  AND  SUBARCTIC  REGIONS 

The  technique  described  here  is  based  on  well- 
known  principles  of  planning.  The  technique  was  de- 
veloped in  part,  tested  and  used  successfully  by  the 
Bureau  of  Land  Management  on  a broad  assessment 
of  the  entire  state  of  Alaska  with  the  exception  of 
the  Southeastern  Panhandle.1 

Step  I - Physical  profile 

Identification  of  the  natural  characteristics  of  the 
area.  This  includes  such  factors  as  topography,  geology, 
soils,  vegetation,  climate  and  hydrography.  Included 
in  this  physical  profile  were  such  items  as  fault  lines 
and  seismic  zones,  potential  flood,  ice  jam,  tsunami 
and  wave  hazard  areas.  Permafrost  characteristics 
were  also  identified  (Fig.  1).  All  data  were  portrayed 
on  transparent  overlays  over  a base  map  at  a scale  of 
1 in.  = 40  miles. 


1 Bureau  of  Land  Management,  “Land  Use  Capacity 
and  Management  Philosophies  for  Alaska  - A Study.  " 
Bureau  of  Land  Management,  Anchorage,  Alaska, 

1973. 


Step  II  - Resource  inventory 

Resource  data  was  portrayed  on  transparent  over- 
lays and  included  such  items  as  timber  inventory,  land 
status,  locatable  minerals,  possible  metalliferous  pro- 
vinces, coal-bearing  rocks,  possible  oil  and  gas  provin- 
ces (Fig.  2),  wildlife  and  fisheries  habitats,  grazing  re- 
sources, and  recreational  resources. 

Step  III  - Use  suitability  evaluation 

This  process  brought  together  the  physical  and  bio- 
logical inventory  in  the  preceding  steps  for  assessment. 
Each  of  the  seven  resource  disciplines  represented  in 
the  study  (Range  Management,  Forestry,  Wildlife, 
Recreation,  Minerals.  Watershed  Management, and  Land 
Ownership)  developed  a suitability  rating  map  covering 
every  land  area  identified  on  the  resource  inventory 
map.  Resources  evaluated  included  livestock  forage, 
timber,  lands,  minerals,  water,  wildlife  habitats  (Fig. 

3)  and  recreation. 

Suitability  evaluations  were  ranked  in  one  of  three 
categories: 

1.  High  amenability  to  environmental  modification, 
or  in  the  case  of  water,  reflects  few  limitations  to  use 
and  development  of  water; 

2.  Moderate  amenability  to  environmental  modi- 
fication, or  in  the  case  of  water,  reflects  some  limita- 
tions for  use  and  development  of  water; 

3.  Low  amenability  to  environmental  modifica- 
tion. or  in  the  case  of  water,  reflects  considerable 
limitations  to  use  and  development  of  water. 
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Figure  2.  Possible  petroleum  provinces. 
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Figure  3.  Suitability  rating  for  wildlife  habitat. 


I 


Figure  4.  Multi-resource  suitability  ratings  (excerpt). 


An  example  for  illustrative  puqioses  is  a forested 
area  identified  as  commercial  forest  in  the  resource 
profile  but  underlain  by  shallow  soil  and  permafrost. 
This  area  could  be  coded  T3  to  reflect  a low  amen- 
ability to  environmental  modification.  The  numerical 
weights  do  not  mean  use  or  development  should  or 
should  not  occur,  but  express  a measure  of  the  degree 
of  likely  environmental  impacts  if  use  and  develop- 
, ment  occur. 

Step  IV  - Multi-resource  suitability  evaluation 

I Taken  individually,  each  of  the  seven  resource  suit- 

ability rating  maps  gives  only  a single  resource  suita- 
bility assessment  for  any  given  area.  A composite 
map  is  then  prepared  using  the  map  transparencies 
and  sieve  techniques  while  allowing  a grouping  of  the 
i resource  combinations  with  their  respective  ecologj- 

, cally  oriented  weight  assessments.  What  results  is  a 

' multi-resource  suitability  portrayal  for  any  givei.  area 

| • (Fig.  4). 

Each  combination  of  resource  values  and  assessed 
weights  is  identified  by  number.  In  the  course  of  the 
Alaska  study,  559  variables  were  developed. 

I Each  enclosed  area  is  then  color  coded  based  on  the 

combinations  of  resources  and  suitability  ratings  into 
one  of  three  land  form  grouping.  In  the  Alaska  study, 
green  was  used  to  identify  areas  with  potentials  for  use 
and  development  of  resources  which,  with  limitations, 
are  generally  amenable  to  man’s  use  and  development. 
Orange  was  used  to  indicate  areas  with  unique,  scarce 
or  vulnerable  resource  values,  generally  reflecting  low 


I 
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amenability  to  man’s  use  and  development  if  the  identi- 
fied values  are  to  be  protected.  Yellow  was  used  to  in- 
dicate areas  generally  amenable  to  man’s  use  and  de- 
velopment, but  with  critical  potentials  for  conflict  with 
unique,  scarce  or  vulnerable  resource  values. 

The  process  of  relating  each  discrete  area  on  the 
multi- resource  suitability  map  to  one  of  the  three  land 
forms  recognized  is  a key  step.  Involved  is  an  inter- 
pretation of  each  discrete  area,  a reassessment  of  the 
resource  values  identified,  an  analysis  of  the  compat- 
ibility and/or  conflicts  of  resource  use  and  the  forma- 
tion of  judgment  as  to  which  of  the  three  categories 
fits  the  assessed  area  best. 

This  process  requires  the  use  of  an  interdisciplinary 
team  of  resource  specialists  who  are  familiar  with  the 
country,  the  resources  and  the  abilities  and  constraints 
of  the  latest  technology  applicable  to  resource  utiliza- 
tion. 

In  pristine  areas  of  the  Arctic  and  subarctic,  key 
and  sometimes  even  single  renewable  resources  may  be 
of  such  overriding  importance  that  the  land  form  group- 
ing assigned  indicates  the  ability  of  the  key  resourcc(s) 
to  withstand  environmental  modification.  For  example, 
the  peregnne  falcon  is  listed  as  an  endangered  species. 
Nesting  habitat  is  a critical  factor,  as  disturbance  dur- 
ing the  nesting  period  can  adversely  affect  survival. 

Where  such  sites  were  identified,  this  resource  factor 
alone  was  sufficient  to  overshadow  other  resource  rat- 
ings, to  place  the  area  in  the  low  amenability  grouping. 

With  these  kinds  of  judgments  involved,  the  inter- 
action of  a knowledgeable  interdisciplinary  team  is 
mandatory  to  arrive  at  such  consensus  determinations. 
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The  result  of  this  process  was  a color-coded  map  of 
Alaska  which  portrayed  the  sensitivity  of  any  given 
area  to  man’s  use  and  development,  always  with  the 
proviso  that  control  on  such  use  and  development  is 
exercised  through  appropriate  application  of  known 
technology. 

MANAGEMENT  UTILIZATION 

The  planning  approach  described  is  not  designed  to 
tell  tiie  land  manager  what  areas  should  or  should  not 
be  used  and/or  developed.  This  approach  does  flag, 
for  the  manager’s  consideration,  the  potential  magni- 
tude of  environmental  impacts  which  can  be  antici- 
pated with  use  and  development  of  a given  area.  The 
gross  stratification  developed  also  assists  the  manager 
in  establishing  priorities  for  more  detailed  studies, 
analyses,  and  land  use  planning  efforts. 

A study  of  this  type  can  also  be  of  value  in  the  de- 
velopment of  environmental  analyses  for  proposed 
major  developments  and  especially  so  for  proposed 
lineal  developments  such  as  pipelines  and  roads  which 
may  transect  hundreds  of  miles  and  a multitude  of 
ecosystems. 

ENVIRONMENTAL  ANALYSIS 

Another  valuable  tool  available  to  the  land  mana- 
ger is  a process  of  environmental  analysis,  which  re- 
quires a close  look  at  a specific  proposed  action  or 
series  of  proposed  actions  and  the  potential  impact  on 
the  environment.  This  kind  of  analysis  is  a mandatory 
obligation  on  the  part  of  Federal  land  managers  under 
the  terms  of  the  National  Environmental  Policy  Act 
of  1969,  commonly  referred  to  by  its  acronym, 
NEPA.2 

NEPA  is  of  major  significance  to  planning  and  regu- 
lation of  man’s  activity  in  the  Arctic.  The  declared 
purposes  of  this  very  important  act  are: 

“Toidieclare  a national  policy  which  will  en- 
courage productive  and  enjoyable  harmony  be- 
tween man  and  his  environment;  to  promote 
efforts  which  will  prevent  or  eliminate  damage 
to  the  environment  and  biosphere  and  stimu- 
late the  health  and  welfare  of  man;  to  enrich 
the  understanding  of  the  ecological  systems 
and  natural  resources  important  to  the  Nation; 
and  to  establish  a Council  on  Environmental 
Quality.”3 


2 National  Environmental  Policy  Act  (NEPA ) 83  Star 
852(1970). 

2 Ibid. 


The  profound  impacts  of  man's  activities  on  the 
natural  environment  are  recognized  in  the  Act  as  it 
points  out  the  responsibility  of  the  Federal  govern- 
ment to  improve  and  coordinate  Federal  actions  to 
achieve  the  following  goals: 

“(1)  fulfill  the  responsibilities  of  each  gen- 
eration as  trustee  of  the  environment  for  suc- 
ceeding generations; 

(2)  assure  for  all  Americans  safe,  healthful, 
productive,  and  esthetically  and  culturally 
pleasing  surrounding; 

(3)  attain  the  widest  range  of  beneficial 
uses  of  the  environment  without  degradation, 
risk  to  health  or  safety; 

(4)  preserve  important  historic,  cultural 
and  natural  aspects  of  our  national  heritage, 
and  maintain,  wherever  possible,  an  environ- 
ment which  supports  diversity  and  variety  of 
individual  choice; 

(5)  achieve  a balance  between  population 
and  resource  use  which  will  permit  high  stand- 
ards of  living  and  a wise  sharing  of  life’s  ameni- 
ties; and 

(6)  enhance  the  quality  of  renewable  re- 
sources and  approach  the  maximum  attainable 
recycling  of  depletable  resources.”4 

A major  component  of  the  administrative  section  of 
the  Act  requites  a public  environmental  impact  state- 
ment process  that  examines  the  proposed  Federal 
action  for  effects  on  the  environment.  This  adminis- 
trative section,  1 02(2)  states : 

“(A)  utilize  a systematic,  interdisciplinary 
approach  which  will  insure  the  integrated  use 
of  the  natural  and  social  sciences  and  the  en- 
vironmental design  arts  in  planning  and  in  de- 
cisionmaking which  may  have  an  impact  on 
man’s  environment; 

***** 

(C)  include  in  every  recommendation  or  re- 
port on  proposals  for  legislation  and  other  ma- 
jor Federal  actions  significantly  affecting  the 
quality  of  the  human  environment,  a detailed 
statement  by  the  responsible  official  on— 

(i)  the  environmental  impact  of  tire 
proposed  action, 

(ii)  any  adverse  environmental  effects 
which  cannot  be  avoided  should  the  pro- 
posal be  implemented, 

(iii)  alternatives  to  the  proposed  action, 

(iv)  the  relationship  between  local 
short-term  uses  of  man’s  environment  and 
the  maintenance  and  enhancement  of  long- 
term productivity,  and 

(v)  any  irreversible  and  irretrievable 
commitments  of  resources  which  would  be 
involved  in  the  proposed  action  should  it 
be  implemented.”5 

*>slbid 


Thus  the  NEPA  process  becomes  part  of  the  planning 
and  decision  system  and  an  integral  component  which 
insures  selection  of  options  to  meet  identified  goals 
and  objectives. 


CONCLUSIONS 

The  Arctic  and  subarctic  regions  of  North  America 
are  being  subjected  to  increasing  developmental  pres- 
sures because  of  the  intensified  search  for  non-renew- 
able resources,  particularly  for  oil  and  gas.  One  tech- 
nique for  a rapid  overall  planning  assessment  for  large 
areas  has  been  described  in  this  paper.  Planning  with 
the  use  of  this  technique  (or  other  similar  planning 
efforts),  and  with  the  process  of  environmental  analy- 
sis will  assist  the  land  manager  in  guiding  and  regulat- 
ing man’s  use  and  development  in  Arctic  regions. 

These  tools,  however,  are  essentially  crude  because 
of  the  small  scale  involved,  the  general  lack  of  site- 
specific  data  and  a constantly  evolving  technology. 

No  amount  of  planning  and  environmental  analysis 
can  obviate  the  need  for  a strong  management  posture 
of  constant  surveillance  of  on-going  operations  coupled 
with  the  capability,  authority  and  flexibility  to  adjust 
operations  on  the  ground.  Specific  authority  is  needed 
to  require  adherence  to  control  and  protective  require- 
ments in  permitted  activities,  while  flexibility  is  needed 
to  tighten  or  loosen  restrictions  as  situations  and  tech- 
nology change. 

Given  the  basic  ingredients  of  strong  planning  ef- 
forts, environmental  analyses  and  a strong  management 
position,  the  utilization  of  Arctic  resources  can  occur 
with  a light  touch,  conserving  with  minimum  impair- 
ment the  basic  long-term  productivity  of  the  Arctic 
ecosystems. 
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V.  Mate  Bu 

(ClilA,  Amiopiu*.  Anna) 

PA3PA60TKA  nPHPOflHWX  PECYPCOB 
H CBX3AHHUE  C HER  nPOBJlEMbl  OXPAHbl 

OKPY)KAK)lUEB  CPF.flbl  B PAROHAX  APKTHMECKOR 
AJ1RCKH. — njlAHHPOBAHHE  MEPOnPHflTHR, 
YMEHbUJAIOIUHX  yillEPB,  HAHOCHMbJII  OKPY)KAK)lUER 
CPEflE 

ApKTHKa  hbahctch  HeocBoeHHbiM  paftoHOM  cesepHOro  noayiua- 
piiH  Poct  3Hepr03anpocos  m paaBtiTiie  hobux  tbxhhmbckhx  cpeictB 
cnocotScTByioT  ocbochhk)  stoto  paflOHa.  BBHay  yHHxaabHOCTH  apx- 
TiinecKofl  npHpoau  h )H3bhmocth  ceBepHux  bkochctbm  stot  paftoH 
aonuceii  ocBaHsaTbCB  B CyaymeM  OMeHb  ocxopoWHO  bo  HafteiKamie  i 
na pyuiBHHn  npHpoaHoro  paBHOBecHH.  n.iaHHpoBaHHC  3eMjienoab- 
30B3HHB,  ocHOBaHHoe  Ha  HCcacaoBamiHX  npoiunbix  JieT  h TeKymn.x 
HccfleflOBaHimx,  MoweT  npeaoTapaTHTb  h yMeHbuiKTb  ywep6,  Ha-  I 
HocHMbifl  oxpyataioweA  epeae  flocTOHHHuA  KOHTpoJib  11  HsyneHiie  i 
(popM  h MeToaoB  3Kcn.iyaTauHH  npapoanux  pecypcoB  aonwHu  bo-  | 
BpeMB  CHrHaaH3upoB8Tb  o npoGaeMax,  cbrsbhkux  c hx  ocBoemieM.  I 
riaaHHpoBaHHe  h KOHTpoab  b coneTaHHH  co  cBoeBpeMeriHbiMii  113- 
MeHCHHHMH  naaHOB  h MeroaoB  Beaemin  pa6ot  hbahctch  k.iiohom  , 
k peuieHHio  Bonpoca  06  yneHbuieHHii  yuiepfia,  HaHocHMoro  apKTH- 
MeCKlIM  3KOCHCTeMaM. 

3HaHHe  npHpoaHbix  (SHoaoniiecKHx  cHcreM,  reoaonm  11  kah- 
Maia  — bot  ocHoaa  nnamipoBaHHH  aeMAenoabaoeaHiiH  n.iaHU 
3eMaenoab30BaHHB,  cTasnuiHe  ochobhoA  ueabio  npeaocTaB.ieHne 
paCoTH  HaceaeHHio  Han  noBbiuieHiie  aoxoaoB  ceMbH,  oneHb  MacTo 
OKa3biBa»TCR  HecocTOHTeabHbiMH.  Bee  aeMeabHue  yMactKii  li  npH- 
poanbie  pecypcbi,  t.  e.  aec,  MHHepaau,  HeipTb,  ra3  h np.,  HNieioT 
npeaea  npoayKTHBHOCTH,  onpeje/iHTb  KOTOpuA  HeaerKo.  HHaqe 
aeao  o6ctoht  c bo3o6hobiimumh  pecypcaMH.  Hcxoaa  H3  Toro,  hto  | 
weaaieabHO  coxpaHHTb  nocTOBHHbifi  ypoBeHb  npoayKTiiBHocrii  ro-  ! 
aoBaa  HopMa  3KcnayaTauHH  npapoaHUx  pecypcoB  craHOSHTCH 
4>yHKUHefl  roaoBoro  npHpocTa  npoayxuHH.  Mto  xacaeTCH  HeBoaofi- 
hobhmhx  pecypcos,  to  roaoBoe  noTpeO.iemie  aaer  ao3MO)KH0CTb 
onpeae.iHTb  Textnu  Hx  3KcnayarauHH.  HTax,  naaHHpoBaHiie  seM.ie- 
noab30BaHHB  aoaiKHO  CTpoiitbca  Ha  ocHOBe  3HamiA  o 3eM.ie,  ee 
IIOTeHUHaabHOfl  npoayKTHBHOCTH  H B03M0WH0CTHX. 

ypoBeHb  aeTaaH3auHH,  Heo6xoaHMuA  aan  npiiHHTHH  peiueHnfl 
6blBaeT  pa3/IHMHbl  M H 33BHCHT  ot  Toro,  K Hemy  aoaiKHO  npHBecTH 
npmiHToe  peiueHHe.  Hanpimep,  perHOHaabHoe  30HHpoBaHiie.  b npo- 
ucccc  KOToporo  BNaeaneTCH  TeppiiTopiiH  aah  npoMUUiaeHHoro  oc- 
BoemiB  11  Hcn0-ib30BaHHH.  mojkct  6uTb  ocHOBaHO  Ha  o6o6iueHHoA, 
110  tohhoh  HHiJiopMauiiii,  a naaHHpoBaHiie  toaoboA  pyCxn  aeca 
aoaiKiio  CaanpoBaTbCH  Ha  3H3hhii  roaiiHHux  TexinoB  pocra,  boc- 
CTa HOBaeHHB,  rn6eaH  aeca,  a raK*e  BOaaeAcTBiin  ero  py6xn  Ha 
oxpyjxaximyx)  epeay. 

n.iaHHpoBaHHe,  a 3aTeM  axcnayaTauHio  fio.ibuiHx  TeppHTopnii, 
xapaKiepiibix  aaa  Apkthkh  h CyCapKTHKH.  npnpoaHbie  pecypcbi  i 
KOTopbix  panee  He  Hcnoab30Baancb,  caeayeT  HaqaTb  c anaanaa,  1 
cocToawero  H3  Tpex  CTaaiiH. 

ITepBan  cTaaHH  — onncaHHe  h naHeceHHe  11a  xapTbi  h cxeMbi 
c.ieayioiUHx  xapaKTepHCTim  npHpoaHoA  epeau: 

1)  TonorpaifiHii; 

2)  THaporpaifiHH; 

3)  reoaorHH; 

4)  noMBbi; 

5)  pacTHTeabHocTii; 

6)  cymecTByiomHx  noceaemift; 

7)  KaiivaTa. 

BTopaa  CTaaHH — KapTHpoBaHiie  npiipoaiibix  pecypcoB: 

1 ) paHonoB  noae3Hbix  HCKonaeMHx; 

2)  MecTopowaeHHii  hciJith,  raaa; 

3)  pafioHOB  npoMhicaa  anxiix  whbothijx,  npinieM  raamioc  bhii-  I 
Mamie  caeayeT  o6paTHTb  Ha  paftoiiu  c oco6o  yHamiMoft  npiipoanofi 

cpeaoA; 

4)  paAoHOB  OTabixa; 

5)  aecoB  HMenmHx  upoMbiiuaeHHoe  SHaqeHHe; 

C)  paAoHOB,  KOTopue  mo*ho  HcnoabaoBaTb  aaa  ceabcxoro  xo- 
axAcTBa. 

T peTbH  CTaaHH  — ycTaHOB.ieHiie  saeMCHTOc,  orpaHHMHBaiomiix 
X03H  HCTBeHHOe  HcnoabsoBaHiie: 

1)  nciB  (paAoiiu  bcmhoA  MepaaoTu  K.iaccHipimHpyioTCH  b 3a- 
biichmocth  ot  coaepwaHHH  abaa); 

2)  ceAcMHaecKHx  30H  n 3011  cfipoca. 


31  paAoHOB,  noaHepweHHUX  HBBoane hhhm  , 

4)  paAoHoa,  noaBepmeiiHbix  uywaMH, 

.rl|  K.IIIMaTHHeCKMX  xapa KTepHCTIIB 

3m  TpM  3Tana  MoryT  fiuTb  tccho  cbh  lawu  Memay  cortoA 
a TaiOKc  c npoOaeMoA  oxpaHU  OKpya<aHmieA  cpiau.  KpoMe  Toro 
BUHciiHOTCH.  mto  cyuiecTByeT  KOHipaiiKT  Mcmay  pajpafiorKoA  npn- 
po.Tiibix  pecypcoB  h coxpaneHHeM  npupoanwx  .taiiauiaipTOB  Onpe 
acaHKiTcn  aono.iHHTcabHue  ipopMbi  Hcnoab loBaHHH  aeMcab  h 
oaiioiipcMemio  hx  o6cay*HBaHHe  TpaiicnopTOM,  a.in  noro  Buae-iH- 
kitch  iiaacMiibie  Kopnaopu  B pe3yabTaTe  TiuaTenbiioto  11  bcccto- 
po micro  anaaH3a  onpeaeaneTCH  naoiuaab  TeppHTopHH,  kotopoA 
naHociiTCH  ymep6  paapaCoTKoA  npapoanux  pecypcoB,  11  naoiuaab 
TCppHTopMH . npHro.THoA  aan  SKcnayaTauHii  npn  ycaoaiiH  Bunoa- 
HetiHH  TpcfioBBHHA  oxpaHU  oxpyiKaKiuieA  epeau.  flocaeaiiHH  xaTe- 
ropini  acMe.ib  mo*ct  ftbiTb  ocBoeHa  (5e3  cepi.esHUx  iiapymcHHA  m 
3HamiTeai.iibix  saTpaT.  SxcnepHMeHT  no  ocBoeHmo  h aKcnayaiaiiHH 
TcppiiTopim  6e3  HaHeceHHH  ymepCa  OKpymaHimcA  epeae  nposo- 
anacii  11a  AaacKe.  Ha  3eMaHX  uiTaTa  6biaH  BuacaeHu  HecxoabKO 
COieH  KOM  II.ICKCOB,  T 3KOe  paAOHHpOBaHHe  HCOfixOailMO  pyKOBOAH- 
Teaio,  KoTopuA  peuiaeT.  Kax  aoaiKHU  1u  no.11,  loBana  h icyaH  3to 
HcoOxoaHwu  oco6chiio  b Tex  cayaanx,  Koraa  nocacacTHMH  Taxoro 
HcnoabjoBamiH  hbbhxitch  HeoOpaTHMUMH  Carayei  yciaHOBHib 
iiywiiue  TpaHcnopTHbie  ciicTeMbi.  a raxixe  boimo/xiicxti,  paiMcme- 
h 11  h 11  xoaimecTBO  paOoaeA  cnabi  Buhb.ihhitch  reppnropHH,  He 
noxaeacatmie  npoMuiuaeHHOMy  ocbochmio  Ocofioe  3HaqeHHe  aan 
iiaaiiHpoBamiH  11  peryanpoBa hhh  aeHTeabHocTu  qeaoBexa  b Apx- 
Ttixe  hmcct  3axoil  o nauHOHa.ibHOH  noaiiTHxe  no  oxpaHe  oxpyjxa- 
wuieA  epeau.  npHHHTbiA  xoHrpeccoM  CU1A  b 1969  r.. 

*1  ocy.iapcTBeHHaH  noaimixa  aoaiXHa  ofiecneMHTb  rapMOHiix) 
HeaoBcxa  h epeau  h finocipepbi  h cnocoOcmoBaTb  pocTy  Oaaroco- 
ctohhhh  11  yaymieHHK)  3aopoBbH  aioaeA;  paciUHpim,  npeactaB.ie- 
hiih  06  sxoaoiHaecxiix  ciicTeMax  h npHpoanux  pecypcax  rocyaap- 
CTBCHHoro  3Ha'ieHHH  CoiaaTb  Cobct  no  xourpoaxi  3a  xalecTBOM 
oxpy*aiomeA  epeau*.  3axon  ycTaiiaeaiiBaeT  oTBeTCTBemiocTb  (pe 
aepaabHoro  npasiiTe-ibCTBa  3a  coBepuiciKTBOBanHe  h KoopaHHauHio 
aeHCTBiiH  npa bh Tea bCT be h iiu x yMpeixaeHiiA  b aocTHixeiiHii  caeay- 

10m  11  x ueaeA: 

1.  ycTaiiOBaemiH  otbctctbchhoctii  3a  coxpaiiHOCTb  oxpy*ax>- 
ureH  epeau  Kawaoro  iioxo.ienHH  nepea  6ya>miiMH  noxo.ien iihhh 

2.  CoxpaHemiH  aan  acex  aMepiixanueB  aaopoBoA.  npoayxTHB- 
11011  yaoBaeTBopHTeabiioH  b icTenmecxOM  11  xy.ibrypHOM  OTHouie- 
iihhx  npiipoaiioii  epeau. 

3.  OnpeaeaeHHH  (popMu  aKcnayaxaumi  npiipoanux  pecypcoB 
6c3  aerpaaauHii  npapoanoA  epeau.  onaciiocTii  a.in  3aopoBbx.  hah 
apyriix  iioxcaaTeabiiux  nocaeacTBHH. 

4.  CoxpaneiiHH  bbikhux  iicTopHaecxiix,  xy.ibTypHux  11  npHpoa- 
iiux  acnexTOB  nauiero  nauHoiia.ibHoro  6oraTciBa  11  coxpaneHiiH. 
ccaii  3to  B03M0JKH0.  oxpywaxjuieH  epeau.  yaoB-ieTBopniomeH  hh- 
anBiiayaabiiue  iiotpc6hoctii  moaefi. 

5 /locTHixeiiHH  paanoBecHH  Meixay  nace.ieiiHeM  h Hcno.ib30- 
BaHiieM  pecypcoB,  mto  o6ecnemiT  bucokhA  ypoBetib  >xii3HH  11  paB 
Hue  B03M0W110CTI1  a.iH  Bcex  .HoacH  Hac.iaHi.iaTbCH  OaaraMii  >kiuhii. 

0.  y.iyMUJeHHH  KaaecTBa  bo3o6hobiimux  pecypcoB  11  o6ecneae- 
iihh  MaxciiMaabHoro  noioOiimueHini  iicTomaeMux  pecypcoB 

3axoH  o HauiioHaJibiioH  iio.ihthxc  no  oxpaiie  oxpyaiaximcH 
epeau  upeaycMa  rpHBacT  HeoOxoaiiMocTb  uiiipohoro  o6uiccTBcniioro 
o6cy>xaciiHH  Bcex  rocyaapcTBemiux  McponpiiHTiiii.  baiihkiuuix  11a 
oxpyjxaximyx)  epeay;  b paaaeae  102— C uroro  3axoHa  3anncaHo: 
xawaaH  pcxoMcnaamin  11.111  cBoaxa  npea.iowcHiiii  a.iH  bk.homchiih 
b 3aKOiioaaTe.ibcTBo  .11160  apynie  rocyaapcTBciinue  MeponpHHTHH, 
cymecTBemio  B.iiiHiomiie  11  a xanecTBo  epeau  o6iiTamiH  MeaoBexa 
ao.iwiibi  6urb  BCeciopOHiie  o6ocnoBanu  opraHaMii  iicno.in HTe- 
,'Ihmh,  Taxoe  o6ocHOBamie  aoa*HO  BxaioHaTb: 

1 ) BaiiHime  npea.iaracMux  MeponpiiHTiiA  Ha  upupoaHyx)  epeay. 

2)  nepeMeHb  He6aaroiipiiHTHUx  nocaeacTBiiA,  mftoxaTb  xoto- 
pux  tie.ib3H,  ecaii  npcaaoixciiiie  6yaeT  ocynccTBaeHO, 

3)  BapnaiiTbi  npeaaaraeMoro  MeponpHHTHH; 

I)  CBiUb  Memay  aoKaabiibiMii  xpaixonpeMeimuMii  MeponpiiH- 
TiiHMii  c Hcnoab30BanneM  npupoaHoA  epeau  11  coxpaHcmieM  11  vbc- 
aimeHiieM  ee  npoayKTHBHOCTH  b tcr-hhc  aaiiTeabHoro  npoMemyTxa 
BpeMcHii; 

5)  nepeaeiib  HeofipaTHMux  11  hcbobmccthmux  iiaMeHCHiiA  b npii- 
poaiioA  epeae,  ecaii  npeaaaraeMoe  McponpHimic  6yaeT  ocymecTB- 
aeHO. 

lliax,  3axon  0 noaiiTiixe  no  oxpane  oxpyw.  epeau  hbahctch 
nacTbio  ciiCTeMbi  naan nponainiH.  oh  cnoco6cTByeT  npasiiabHoMy 
Bbifiopy  MeponpHHTHfi,  nanpaBaeHHUx  11a  peuieHHe  nocTanaemiux 
ueaeA. 
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RESOURCE  DEVELOPMENT  AND  RELATED  ENVIRONMENTAL 
CONCERNS  IN  ARCTIC  ALASKA  - IMPACT  ON  NATIVES 

David  M.  Hickok* 


INTRODUCTION 

Alaska  Natives,  particularly  the  Inupiat  of  arctic 
Alaska,  live  closer  to  the  land  and  the  sea  than  most 
other  Americans.  For  several  centuries  their  ancestors 
exercised  “dominion”  over  the  land  and  resources 
which  provided  them  with  the  requirements  upon 
which  they  built  one  of  America’s  most  remarkable 
Native  cultures.  Historically,  they  took  from  the  land 
only  what  they  needed.  Time  and  the  thrust  of  west- 
ern civilization  into  arctic  Alaska  has  not  altered  this 
fundamental  Inupiat  concept  of  the  land  as  the  pro- 
vider. 

The  Inupiat  are  realists.  Today,  just  as  in  the  past, 
they  accept  and  use  those  aspects  of  western  culture 
which  enhance  their  livelihood  and  survival  and  at  the 
same  time  retain  those  values  and  pursuits  which  have 
maintained  them  for  centuries.  Prior  to  the  1940’s 
and  the  beginning  of  the  modem  era  of  resource  de- 
velopment in  arctic  Alaska,  the  Inupiat  experienced 
two  centuries  of  western  contact : periods  of  explora- 
tion, exploitation  of  whales  and  other  marine  mam- 
mals, the  fur  trade,  and  the  introduction  of  new  con- 
cepts of  government,  religion,  and  education.  All 
were  dealt  with  by  external  acceptance  and  participa- 
tion but  also  with  an  internal  passivity  and  resilience 
which  retained  the  Inupiat  identity.  This  identity  is 
strong  today,  perhaps  even  stronger  than  a century 
ago  due  to  the  events  of  the  past  three  decades.  I 
think  it  is  becoming  even  stronger. 

BACKGROUND 

This  retention  and  strengthening  of  the  Inupiat 
identity  has  taken  place  during  a time  when  many  non- 
westem  cultures  of  the  world  have  been  decimated, 
subdued,  or  amalgamated  by  recurring  social,  econo- 
mic, and  technological  changes,  introduced  disease, 
the  traumas  of  alcohol,  and  the  forced  separation  of 
families  for  educational  and  government  convenience. 


I will  not  dwell  on  this,  but  the  historic  fact  is  that 
change  in  the  Alaskan  Arctic  has  most  often  been 
brought  about  by  external  forces.  In  order  to  under- 
stand the  pressures  on  the  Inupiat  people  today  a per- 
spective of  the  most  influential  events  of  recent  time 
is  useful. 

World  War  II  emphasized  the  strategic  importance 
of  the  Inupiat  territories,  and  consequently,  defense 
installations  were  built  throughout  the  Arctic  and 
Alaska  generally.  Government  interest  continued  in 
the  Arctic  in  the  postwar  years.  Military  construction 
and  scientific  research  provided  new  sources  of  income 
for  the  people,  and  improved  transportation,  greater 
educational  opportunities,  and  health  facilities  were 
made  available. 

When  the  government  initiated  a major  oil  explora- 
tion program  in  Naval  Petroleum  Reserve  No.  4 in 
Inupiat  territory,  it  launched  a new  era  in  the  Alaskan 
Arctic.  From  1944  to  1953  exploration  within  the  re- 
serve provided  a long  period  of  employment  for  local 
people  and  the  beginnings  of  a true  cash  economy.  Ex- 
ploration of  the  reserve  and  other  governmental  inter- 
ests led  to  the  establishment  of  the  Naval  Arctic  Re- 
search Laboratory  at  Barrow  in  1947.  This  action  pro- 
vided additional  local  employment,  affirmed  a long- 
term federal  commitment  to  arctic  research,  and  in- 
volved the  Inupiat  with  individuals  and  ideas  from 
around  the  world. 

The  effects  of  this  scientific  effort  combined  with 
the  involvement  of  the  Inupiat  people  from  1947  until 
now  cannot  be  overstated.  Scientists  who  worked  out 
of  Barrow  covered  the  entire  Alaskan  Arctic  and  the 
polar  sea.  They  depended  greatly  on  Eskimo  support. 
Equally,  the  Inupiat  learned  from  the  scientific  com- 
munity. Gradually,  this  cooperation  produced  a basic 
knowledge  of  the  environments  and  resources  of  the 
Arctic  which  has  just  recently  begun  to  be  understood 
and  utilized  by  government  and  economic  interests. 

Additional  exploration  of  the  petroleum  reserve  and 
subsequent  construction  of  communications  installa- 
tions between  1953  and  1957  brought  modem  science 


* Director,  Arctic  Environment  Information  and  Data  Center.  University  of  Alaska.  Anchorage,  Alaska. 


to  the  Arctic  and  more  employment  for  local  people 
as  well  as  environmental  impact  and  degradation.  The 
Federal  Government  took  exploration  and  constric- 
tion materials  to  the  Arctic  on  a “one-way  ticket”  and 
left  debris  and  destruction  everywhere.  Travel  and 
construction  activities  degraded  the  tundra,  thawed 
the  permafrost,  and  eroded  hundreds  of  square  miles 
because  scientific  advice  was  ignored. 

Exploration  of  the  petroleum  reserve  was  suspended 
in  1953,  but  the  pattern  of  employing  local  Inupiats 
as  support  personnel  continued  during  periods  of  mili- 
tary construction  as  well  as  scientific  inquiry,  which 
accelerated  during  the  International  Geophysical  Year 
ir  1957.  During  this  period  the  scientific  and  Eskimo 
communities  were  brought  closer  together  by  several 
investigations  of  Native  diseases  and  community  struc- 
ture as  well  as  by  continued  research  in  natural  Arctic 
phenomena. 

EXiring  1957-1958  the  U.S.  Atonic  Energy  Commis- 
sion funded  a comprehensive  and  correlated  study  of 
environmental  and  Inupiat  socioeconomic  conditions 
prior  to  Project  Chariot  - an  experimental  harbor  ex- 
cavation by  nuclear  device  to  be  located  at  Cape 
Thompson  on  the  Chukchi  Sea  coast  near  the  Inupiat 
vdlages  of  Pt.  Hope  and  Kivalina.  After  substantial  re- 
search, the  combined  environmental  awareness  of  the 
scientists  involved  and  the  assertiveness  of  the  indigen- 
ous peoples  brought  about  an  end  to  this  idea.  Im- 
portantly, this  process  gave  a new  urgency  to  under- 
standing more  about  the  effects  of  external  forces  upon 
Inupiat  life. 

Oil  company  exploration  crews  came  to  the  Arctic 
in  significant  numbers  beginning  in  1959.  The  oil  in- 
dustry had  carefully  studied  the  results  of  earlier  ex- 
plorations in  Petroleum  Reserve  No.  4,  had  discussed 
arctic  prospects  with  government  scientists,  and  were 
ready  to  launch  their  own  investigations. 

In  the  mid-60’s  the  disregard  of  arctic  environmental 
concerns  continued  with  private  oil  and  gas  exploration 
on  state-selected  and  federal  public  domain  lands.  By 
this  time,  however,  more  knowledge  of  natural  Arctic 
conditions  was  available.  Nationally,  public  interest 
and  concern  about  the  natural  environment  was  grow- 
ing. Some  scientists  and  governmental  officials,  the 
Inupiat  people,  and  a generally  aroused  citizenry  pro- 
tested against  practices  detrimental  to  the  natural  sys- 
tems of  the  Arctic.  Most  were  stopped.  The  oil  in- 
dustry cleaned  up  much  of  its  debris.  Ironically,  while 
industiy  complied  with  public  pressure,  government 
did  not.  Except  in  the  immediate  vicinity  of  Barrow, 
debris  has  been  left  scattered  over  hundreds  of  square 
miles  of  tundra.  The  Navy  has  contracted  the  Arctic 
Sope  Regional  Corporation  to  clean  up  part  of  the 
petroleum  reserve  during  1976. 


As  industiy  teams  began  their  work,  another  signifi- 
cant event  took  place.  On  December  6,  1960,  the  8.9- 
million-acre  Arctic  National  Wildlife  Range  was  created 
by  Public  Land  Order  2214.  This  action  by  outgoing 
Secretary  of  Interior  Seaton  surprised  many.  Actually, 
it  was  the  result  of  trade-offs  made  in  the  Congress  to 
assure  sufficient  votes  for  Alaskan  statehood.  To  the 
Inupiat,  however,  this  action  looked  like  a potential 
threat  by  the  Federal  Government  to  Inupiat  dominion 
in  the  eastern  Alaskan  Arctic.  The  establishment  of  the 
range  did  result  in  long-term  consequences  for  the  Eski- 
mo people  generally,  and  particularly  for  the  villagers  of 
Kaktovik  on  Barter  Island.  This  wildlife  range  and  Naval 
Petroleum  Reserve  No.  4 encompassed  more  than  half 
of  the  lands  regarded  by  the  Eskimo  people  as  belong- 
ing to  them.  Inupiat  attitudes  toward  their  legal  land 
rights  began  to  stiffen  and  become  vocal. 

They  organized  and,  by  the  mid-I960’s,  united  with 
other  Native  groups  of  Alaska  to  legally  protest  selec- 
tions by  the  State  of  Alaska  under  the  Statehood  Act 
and  federal  mineral  leasing  east  and  west  of  the  petrole- 
um reserve.  They  demanded  that  Government  settle 
their  aboriginal  claims.  Additionally,  the  State  and  pri- 
vate oil  firms  were  advised  that  the  Inupiat  regarded 
their  presence  as  trespass  on  these  lands.  Self-determina- 
tion and  enhancement  of  life  without  formal  title  to  their 
traditional  lands  was  deemed  impossible.  They  fully  re- 
alized that  a land  base  was  essential  to  equal  societal ' 
participation,  both  economic  and  political.  Thus,  the 
Inupiat  renewed  their  ancestral  claims  to  the  land,  and 
after  many  years  of  arduous  struggle,  their  claim  and 
the  claims  of  other  Native  groups  in  Alaska  were  recog- 
nized by  the  passage  of  the  Alaska  Native  Claims  Settle- 
ment Act  of  1971.  The  story  of  this  act’s  passage  and 
its  current  implementation  cannot  be  completely  told 
here,  but  that  struggle  and  the  events  leading  up  to  it 
plus  the  major  1968  oil  discovery  and  development  at 
Prudhoe  Bay  on  the  Beaufort  Sea  coast,  and  the  estab- 
lishment of  regional  and  local  government  in  the  form 
of  the  North  Slope  Borough  all  have  had  profound  ef- 
fects upon  the  Inupiat  people. 


IMPACTS  TODAY 

The  events  of  the  past  three  decades  have  been  under- 
lain by  the  Inupiat  struggle  for  equal  opportunity  under 
law,  settling  of  their  land  claims,  and  the  structuring  of 
home-rule  government.  The  physical  circumstances  of 
the  Inupiat  people  have  changed,  generally  for  the  bet- 
ter. Their  attitudes  towards  themselves  and  others  have 
altered  during  this  period  of  near  sociological  revolution. 
Moreover,  they  are,  from  all  points  of  view,  most  polit- 
ically aware  of  the  external  forces  affecting  their  lives:. 


economic,  social,  and  political.  Intrinsically,  however, 
the  people  are  unchanged.  They  remain  the  Inupiat  - 
“the  People”  — with  their  own  values  and  aspirations, 
and  while  they  fully  belong  to  the  American  commun- 
ity, they  yet  retain  their  own  special  identity.  For 
most  Americans,  who  are  the  result  of  western  civiliza- 
tion’s “melting  pot”  of  ethnic  origins,  this  is  difficult 
to  understand,  but  it  is  an  essential  part  of  the  current 
circumstances  affecting  arctic  Alaska. 

For  Alaskans  who  care  to  reflect  on  the  situation 
in  our  North  today,  two  elements  are  unsettling  or,  at 
least,  ironic.  These  are  the  inordinate  influence  of 
federal  program  decisions  and  dollars  over  state  and 
local  concerns  and  the  rush  into  new  arenas  of  federal 
involvement  before  other,  earlier-agreed-to  courses  of 
governmental  action  have  taken  place.  Obviously,  the 
two  are  closely  interrelated,  and  they  create  a tangled 
web  of  bureaucratic  programs.  The  Inupiat  and  other 
Native  groups  are  most  affected  by  programs  related 
to  resource  development  in  the  arctic  environment 
since  their  life-style  is  so  closely  tied  to  the  land. 

Beyond  this  major  set  of  circumstances  there  are 
two  other  fundamental  effects  — increased  employ- 
ment, much  of  which  is  self-employment,  and  the 
very  great  concern  the  Inupiat  have  over  any  govern- 
mental action  that  may  affect  the  management  or 
availability  of  fish  and  wildlife  resources. 

EXiring  1971  and  1972  the  major  federal  decisions 
that  affected  resource  development  and  the  environ- 
ment in  Alaska  were  the  passage  of  the  Alaska  Native 
□aims  Settlement  Act  and  the  authorization  to  build 
the  tra, is- Alaska  pipeline  from  Prudhoe  Bay  to  Valdez, 
Alaska.  The  dialogue  surrounding  these  two  issues 
was  intertwined  in  both  the  legislative  and  executive 
branches  of  the  federal  government  as  well  as  in  the 
several  sectors  of  Alaskan  society.  A dominant,  often 
expressed  theme  of  that  time  was  the  need  for  rapid 
and  expedient  action  on  both.  Congress  particularly 
stressed  urgency  and  made  the  immediacy  of  land 
conveyance  to  Alaska  Natives  a legislative  mandate. 

In  many,  many  ways,  Alaskans  in  all  walks  of  life 
were  swept  up  in  the  wake  of  these  two  federal  deci- 
sions. The  U.S.  Department  of  Interior  began  to  im- 
plement the  settlement  act  by  withdrawing  lands  for 
Native  selection  and  those  that  might  be  later  included 
into  national  land  systems.  Regulations,  of  course, 
proliferated.  Native  groups  established  the  corporations 
through  which  the  compensatory  assets  of  the  act  were 
to  be  received.  The  Inupiat  became  deeply  involved  in 
setting  up  and  operating  their  Arctic  Slope  Regional 
Corporation  and  eight  village  corporations.  At  the 
same  time  they  successfully  established  home-rule  gov- 
ernment under  Alaska  law  in  the  form  of  the  North 
Sope  Borough. 


Simultaneously,  the  Department  of  the  Interior  was 
gearing  up  for  its  pipeline  surveillance  responsibilities. 
The  State  did  likewise.  The  private  sector  boomed  with 
supply  and  service  contracts  that  directly  or  indirectly 
supported  pipeline  activity.  Other  government  agencies 
and  the  academic  community  were  also  comfnitting 
their  resources  to  investigations  on  pipeline,  environ- 
mental, or  economic  matters.  In  effect,  nearly  the  en- 
tire public  and  private  sectors  of  Alaska  were  involved 
in  programs  related  to  either  the  land  claims  settlement 
or  pipeline  construction. 

Hardly  noticed  amidst  this  activity  were  portents  of 
new  problems  and  areas  of  involvement  for  the  federal 
agencies  themselves,  newly  formed  Native  corporations, 
state  and  local  government,  and  the  private  sector  - de- 
velopmental and  conservation  groups  alike.  But  noticed 
or  not,  they  were  beginning  to  appear.  Discussions  on 
national  energy  deficiency  were  beginning  and  interest 
grew  in  Alaskan  outer  continental  shelf  oil  and  gas  ex- 
ploration, additional  oil  and  gas  pipelines  or  other  de- 
livery systems  for  fossil  fuels  from  the  North  Slope  to 
the  contiguous  “lower  48”  states,  and  the  exploration 
and  possible  development  of  Naval  Petroleum  Reserve 
No.  4.  As  the  seeds  of  new  energy-related  programs 
were  being  planted,  other  public  concerns  over  environ- 
mental and  socioeconomic  impacts  were  also  being  ad- 
dressed. Competition  in  the  Congress  over  national 
land  use  planning  versus  coastal  zone  management 
planning  was  taking  place.  The  Marine  Mammals  Pro- 
tection Act,  bom  out  of  concerns  not  directly  related 
to  Alaskan  waters  and  environs  and  in  most  ways  sci- 
entifically fallacious  with  regard  to  Bering  Sea  and 
Arctic  Ocean  populations,  nevertheless  exerted  major 
impact  on  state  management  and  on  utilization  of 
marine  mammals  by  Alaskans. 

By  1974  the  infrastructure  to  support  many  of  these 
new  energy  resource  use,  transportation,  and  environ- 
mental programs  was  in  place.  This  created  still  more 
impact  on  Alaska.  In  the  past  two  years,  1974  to  1976, 
several  more,  primarily  federally  induced  programs  have 
sprung  up.  The  list  now  includes  construction  and  en- 
vironmental planning  for  a new  gas  pipeline  or  delivery 
system  from  the  Arctic  to  the  “lower  48"  states: ex- 
ploration, land  use  planning,  and  environmental  studies 
of  Naval  Petroleum  Reserve  No.  4;  exploration,  environ- 
mental and  socioeconomic  studies  on  oil  and  gas  leasing 
on  Alaska's  outer  continental  shelf;  plans,  studies  and 
legislation  for  additions  to  national  conservation  sys- 
tems; implementation  of  coastal  zone  management  ; 
and  planning  for  new  major  transportation  systems  to 
serve  potential  resource  development  areas. 

In  only  four  years  the  impact  of  federal  programs 
on  all  facets  of  Alaskan  society  has  increased  about 
400  to  500  per  cent.  To  the  Inupiat  people  particularly. 


and  other  Native  groups  as  well,  this  is  an  unsettling 
situation.  Their  land  has  not  been  conveyed,  and 
without  land  title  their  economic  ventures  are  more 
costly  due  to  credit  arrangements  and  lost  income 
from  planned  leasing  agreements.  Titles  to  housing 
and  community  improvement  projects  are  in  constant 
jeopardy.  Most  importantly,  each  new  federal  pro- 
gram seems  to  encroach  on  or  remove  valuable  assets 
from  their  specified  entitlements  under  the  Alaska 
Native  Claims  Settlement  Act.  Coping  with  a myriad 
of  federal  activities  in  the  area  is  a constant  problem, 
and  the  impact  on  their  relatively  small  cadre  of  skilled 
personnel  and  leaders  is  severe. 

Bureaucratic  competition  further  impacts  the  Native 
community.  The  leaders  of  the  Arctic  Slope  Regional 
Corporation,  village  corporations,  and  the  North  Slope 
Borough  find  themselves  answering  the  same  questions 
over  and  over  again  because  the  information  is  rarelv 
shared.  The  amounts  of  time,  money,  and  frustration 
this  causes  are  substantial,  and  it  necessarily  reduces 
the  effort  they  can  spend  on  their  own  affairs.  One 
example  is  in  the  Cape  Thompson  region  and  also  at 
the  village  of  Atkasook.  Lands  legally  withdrawn  for 
Inupiat  selection  have  been  applied  for  by  the  people. 
On  these  same  lands  scientific  interests  are  pursuing 
environmental  research  programs  and  planning  future 
ones.  The  Eskimo  people,  cognizant  of  the  value  of 
such  research,  are  willing  to  execute  cooperative 
agreements  to  permit  access  to  their  lands.  The  fed- 
eral government,  however,  feels  that  its  interests 
transcend  the  Inupiats’  legal  rights,  and  it  is  trying  to 
prevent  the  granting  of  land  title  in  the  name  of  sci- 
entific inquiry.  This  worrisome  problem  not  only  de- 
lays conveyance  of  the  land  title,  but  also  requires  the 
Natives  to  spend  their  energy  and  money  fighting  an 
activity  that  they  fundamentally  agree  with. 

All  impacts  of  arctic  resource  and  environmental 
concerns  have  not  been  adverse;  some,  in  fact,  have 
proved  very  beneficial.  Foremost  has  been  the  ability 
of  the  Inupiat  to  use  the  mechanisms  and  monetary 
benefits  of  the  Alaska  Native  Claims  Settlement  Act 
to  actively  share  in  the  economic  growth  of  the  Alaska 
north.  Importantly,  this  sharing  of  economic  oppor- 
tunity has  been  generated  by  the  people  themselves 
through  their  own  corporate  enterprise.  Projects  for 
new  housing,  better  community  facilities,  tourist  ac- 
commodations, and  industry  are  operated  under  Inu- 
pisvditected  corporations.  Previously,  the  people, 
when  they  worked  at  all,  were  employed  by  “out- 
siders.” Now,  they  are  employed  by  their  own  cor- 
porations. The  income  earned  by  the  individual  is 
generated  by  projects  of  his  people.  They  now  build 
their  homes,  their  stores,  and  other  facilities.  This 


enterprise  yields  rewards  to  both  the  individual  and 
die  group.  Pride  in  self  and  culture  has  been  signifi- 
cantly  strengthened  with  far-reaching  social,  political, 
and  economic  impacts. 

Caught  somewhere  between  the  burden  of  their  in- 
volvement with  government  and  their  own  economic 
enhancement  are  a set  of  deep-rooted  concerns  over 
the  management  of  fish  and  wildlife  resources  in  the 
areas  of  Inupiat  use  and  occupancy.  So  far  no  one 
has  done  much  more  than  talk  about  how  arctic  de- 
velopment affects  these  resources.  Very  little  research 
has  been  done  except  for  a few  species  over  relatively 
small  geographic  areas.  Management,  whether  federal 
or  state,  tends  .to  be  reactionary  and  responds  more  to 
ideas  and  feelings  than  to  facts. 

The  Inupiat,  whose  way  of  life  is  so  deeply  rooted 
in  the  harvest  of  fish  and  wildlife  resources  and  whose 
dietary  preferences  favor  wild  game,  view  the  current 
public  dialogue  and  governmental  actions  over  these 
resources  with  great  alarm.  They  want  to  know  “why. 
They  seek  explanations  of  governmental  actions  with 
regard  to  caribou,  waterfowl,  and  marine  mammal 
regulations.  Governmental  statements  of  “that’s  the 
law,”  or  “the  biologists  say”  do  not  suffice.  Allega- 
tions that  they  are  to  blame  for  declines  in  game  popu- 
lations do  not  fit  the  facts  as  they  see  them.  When  the 
Inupiat  and  scientists  agree  that  more  bowhead  whales 
exist  in  arctic  waters  now  than  for  the  previous  half 
century,  the  people  do  not  understand  national  efforts 
to  deprive  them  of  their  whaling  culture.  With  their 
Canadian  cousins  they  cannot  accept  federal  law  and 
treaty  which  call  for  the  harvest  of  waterfowl  during 
seasons  that  favor  recreational  hunting  in  the  south 
and  that  are  detrimental  to  subsistence  food  hunting 
in  the  north.  Having  witnessed  the  rise  and  fall  and 
changing  movements  of  the  caribou  herds  for  genera- 
tions, they  cannot  understand  arbitrary  regulation  with- 
out explanation  and  without  their  participation.  They 
are  seeking  new  approaches  to  these  regulatory  matters 
that  will  involve  them.  In  spite  of  an  increased  reliance 
on  the  cash  economy,  the  diet,  life-style,  and  culture  of 
the  Inupiat  dictate  that  the  subsistence  harvest  of  wild- 
life resources  will  remain  a way  of  life  for  a long  time 
to  come. 

As  the  Inupiat  witness  and  participate  in  resource 
exploration  and  development  in  arctic  Alaska  them- 
selves, they  are  particularly  concerned  with  the  impact 
of  such  activity  on  fish  and  wildlife  resources.  They 
want  to  know  exactly  what  is  happening.  What  are  the 
trade-offs  taking  place  between  energy  and  economic 
development  on  the  one  hand  and  wildlife  resources  on 
the  other?  Who  will  bear  this  burden?  The  Inupiat  sus- 
pect they  will,  and  they  don’t  like  it. 
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As  a result  of  dramatically  increased  governmental 
activity,  the  emerging  economic  self-sufficiency  of  the 
Inupiat,  and  a series  of  restraints  being  imposed  oh 
Eskimo  use  of  fish  and  wildlife  resources  and  the  land 
itself,  it  is  definitely  not  “business  as  usual”  in  the 
Arctic.  Until  quite  recently,  the  impoverished  Native 
population  was  largely  ignored  by  those  who  sought 
to  develop  their  homelands,  but  no  longer.  Today,  as 
emerging  major  land  owners,  their  cooperation  is  in- 
dispensable to  anyone  who  wants  to  tap  the  region’s 
considerable  resources,  and  by  any  measure  the  oil 
deposits  on  the  Arctic  Slope  are  among  the  great  ones 
in  the  world. 

What  does  this  mean  for  the  Inupiat?  They  know 
that  the  environmental  costs  of  energy  exploration  are 
highest  at  the  local  level.  These  inevitable  changes  in 
their  physical  environment  could  conceivably  lead  to 
unavoidable  social  modifications.  For  example,  in  the 
next  10  years  several  settlements  of  perhaps  5000 
people  each  could  evolve  in  conjunction  with  natural 
resource  development  in  the  region. 

The  elements  of  resource  exploitation  are  extremely 
difficult  to  define.  To  Arctic  Slope  Regional  Corpora- 
tion and  North  Slope  Borough  decision  makers,  the 
resource  becomes  as  nebulous  as  a “higher  standard  of 
living,”  as  abstract  as  “security”  or  “life  style,”  and 
as  complex  as  “grass  national  product.”  The  payment 
or  sacrifice  made  for  the  extraction  of  resources  may 
also  be  obscure,  so  the  actual  cash  payment  made  for 
a service  or  commodity  usually  will  not  cover  all  social 
and  environmental  costs. 

The  Inupiat  have  always  said  that  their  interest  in 
the  land  is  fundamentally  to  ensure  an  environment 
that  will  yield  optimum  health,  safety,  comfort  and 
well-being  to  this  and  future  generations  and  will  max- 
imize the  economic  and  cultural  benefits  of  a healthy 
people.  A reasonable  man  cannot  question  the  wis- 
dom of  this  philosophy,  but  he  might  logically  inquire 
how  it  may  be  accomplished.  The  Inupiat  wishes  to 
participate  in  a system  of  environmental  management 
that  enhances  man  in  his  environment  rather  than 
always  being  based  on  the  latest  limits  of  technology. 
Renewable  resources,  they  insist,  must  be  used  with 
cultural  objectives  clearly  in  mind.  They  recognize 
the  need  for  competent  planning  to  assure  real  and 
lasting  benefits  to  the  new  economy  of  their  lands 
and  are  developing  high-quality  management,  skills, 
and  supporting  institutions  to  achieve  this  goal.  Their 
wisdom  about  the  land  tells  them  that  the  land  must 
be  allowed  to  renew  itself  and  retain  its  basic  integrity, 
otherwise  the  long  fight  for  self-determination  will  be 
meaningless. 
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The  Inupiat  have  moved  into  an  era  of  self  assertion 
and  new  cultural,  political,  and  economic  identity.  The 
Arctic  Slope  Regional  Corporation  and  village  corpora- 
tions called  for  in  Alaska  Native  Claims  Settlement  Act 
have  been  established,  and  the  transfer  of  land  title 
should  take  place  shortly.  Economic  vitality  is  assured 
through  the  monetary  compensation  of  the  act  and  new 
development  endeavors.  The  North  Slope  Borough  has 
been  formed  and  political  home-rule  has  been  achieved. 
It  is  a stirring  odyssey  of  achievement,  strength,  pride, 
and  vigor,  but  important  issues  and  problems  must  be 
resolved  before  the  future  is  assured. 
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M-  M.  Xumok 

(CUIA.  Aiiopm,  Aaacxa) 


OCBOEHHE  nPHPOAHWX  PECyPCOt 
APKTNHECKHX  PAHOHOB  AJIBCKM 

B TeHeHHe  HeCKO.lbKHX  CTOXeTnA  KOpeHHUe  «KTMH  ipKTHHf - 
crhx  paAoRoa  Ajibcxh  oeptOiTuta.iH  3«m;id  h no,ib]oia;iHCb  ee 
npxpojHMMH  pecypcanH  U)  yAOBneTiopeHHH  cbohx  jkhjhchhux 
noTpeCnocreA,  ojxaxo,  arafiu  coxpaHHTb  ciod  nauHOHaxbfiy» 
ayxarypy  a oOecnenirrb  flyAymee  caoero  Hapoaa,  orh  aoajrhm 
Ouoh  npHHXTb  Taxoe  xyaiAoe  hm  nonxTHe,  xax  npaao  cofictaeH- 
I hocth  Ha  saMJiD  (/I.  71.  Cenaxper,  197S;  «$eAepa.ibHbiA  noneaoft 
KOMHTHT*,  1968) 

| OCperexHe  coOctichhocth  xa  acH.m  h ncuiyicHHe  achcmhux 
AOXOAOB  npnatAH  X SRaMHTeXbHMM  COUHaAbHO-lKOHOHKMeCKHM  K. 
TCXHHMCCKHM  HIMCNeNHRH,  HO  KHynHaThl  cyMMH  COXpaHHTb  CBOK 
HauHOHa.ibHue  TpajHUHH. 

HjMCHCHHR.  npOHCXOAHBUJHf  B apKTHMOCKHX  paflonax  Ajibcxh, 
rhcto  aa.iapiHCb  pe3yjibTaTOM  AeAcTBHn  bh«uihhx  chji.  Tax  BTopax 
HHpoaaa  boAhx  noxasaxa,  xaxoe  Goxbuioe  h aantHoe  CTpaTerHxe- 
CKtW  3HHHeHHe  HMeeT  TeppHTopnn  HHynHaToa,  h nosTOMy  no  aceA 
TrppaTopHH  Ajibcxh  6n.th  aoaaeaeHbi  oCopOHHTeabHbie  coopywe- 
hhb  n pa BHre.ibCTBO  nponojiwajio  nponanuTb  HHTepec  k 3T0My 
paAony  m b nocxeaoeHHue  roabi.  B peayjibTaTe  6u.ih  BbiHB.ieHtw 
| Horae  hctohhhxh  aoxoaob  ajib  HHynHaTOB  yxyniUK.iiocb  hx  TpaHc- 
nopiHoe  ofic.iyHCHBaHHe,  fibijio  nocipoeHo  MHoro  yieOHbix  aaae.ie- 
hhA  H Go.ihHHu  rioAjep»(HBajiocb  caMOonpejejieHHe  oOuihh  Me- 
CTHhie  MyHHUHnajiHTeTbi  noonepwHBa.iH  axoHOMHnecxyw  cTaOHJH- 
3auH»  xepea  KoonepaTHBHyD  accounamiK)  b.ihcxhhcxhx  mccthux 
npoMbic.ioB  (TtppHTopna.ibHaa  KoonepaTiiBHan  opraHinamm.  3a- 
HHMa»iuaara  npojaweA  If  noxyn koi'i ) 

PaflOTbi,  camaHHue  c paxBcjxoA  cxBa*nHu  .Ns  4 11  npoBO- 
iHBiuHecH  c 1944  r no  1953  r o6ecneHii.ni  3aHHTOCTb  n ycTOHnn- 
nwe  aapafioTKn  j.th  MecTHoro  nace.ieHMn  Ha  j.iMTe.ibHoe  BpeMH. 
3tu  pafioTu  cnocoficTBOBa.iH  Taxjxe  co>.t,ihhki  ApxTimecxoA 
HayHHo-iicc.TejonaTe.ihcxoA  xaGopaTopmi  Ha  Muce  Bappov  b 1947  r. 
n o6ecneiH.ni  jono.iHHTe.ibHyxi  aaHHTOcTb  xopeHHhix  WHTe.ieii 
KpoMe  Toro.  ipejepa.ibiioe  npaBHTe.ibCTBO  bih.io  Ha  ceGn  mho- 
ro.ieTHt-e  06 maTejibCTno  opramnoBaTb  iiiyHCHite  Kax  npnpo.iHux 
pecypcoB  3toro  apxTiiHecxoro  paftoHa  Tax  11  ero  xopeiiHoro  Ha- 
ce.iemifl  (JXm  C.  Pha,  1971). 

O.inaxo  ocBoeHne  apxTHHccxnx  paiioHOB  A.ihcxii  He  TO.ibxo 
npimec.io  c cofiofl  803M0WH0CTb  aaHBib  paOoToA  xopeHHoe  nace- 
•ICHHe  ApXTHXH  HO  B TO  *C  BpeMH,  flBH.IOCb  lipH'IHHOA  jarpH3He- 


HHH  H AerpaABUHH  npwpoAHoA  cpeAM  oOaomkh  nycto*  nopOAU  | 
' paiApocaHU  no  ofluiHpnuM  patoHia  TyRApa.  npoxcioXHT  paipy-  ' 
uirHHe  pacTHTe.ibHoro  noxpoaa  TyRxpu,  ranRHe  ■Horoaamek 
Mepa.TOTU  h ycHAeHHe  npoueccoa  rpoaxH  K xoxuy  60  1 roxoa 
annoTHyx)  cra.i  p a ecu  a TDHaaTbCX  aonpoc  sbiuhtw  npHpoAHOft  cpeia 
apxTHHecxoro  pafiona  Aahckh  Kpone  Toro,  BOipocuiHA  x rroaiy 
apeMfHH  HHTepec  x npnpoAHUM  pecypcaH  H hx  paxpaOoTR# 

B ApxTnxe  H3MCHH.T  noAOHteHHe  HHynHaTOB.  B c.iyxae  ncrrepH 
MCKOHHbIX  3eMeAb  HX  ca MOonpeAe/ieRRe  6HA0  6h  HeBO3M0»HUM.  1 
B peay/ibTaTe  HHynHaTu  bosoGhoihah  cboh  npHTnaaHHH  Ha  ynac- 
Ae.TOBBHHUe  0T  npe.ixoa  aeMAH  h noexe  MHoroxerHeA  owecToxeH-  ' 

| hoA  QopbGu  npasa  HHynHaTOB,  BMecre  c TpeOouHHXMH  apyrnx  ' 
HauHOHaxbHux  rpynn  Ha  Annexe,  6u.ih  npnaHaHw  nyreM  Hiaa- 
hhh  «yxa,ia  06  yperyxHpoBBHHH  aeweabHux  npHTH3aHHA  xopen- 
hux  WHTexeA  A.thcxh»  ot  1971  r. 

CeAnac  cornacne  xopeHHbix  HtHTeneA  xax  ochobhux  3eM.1eB.1a- 
Ae.ibueB  HeofixoAHMO  npH  pa3pa6oTxe  npnpoAHUx  pecypcoB  paAona, 

B TOM  MHC.Te  H MeCTOpOJXAeHHR  HCIpTH  Ha  ApXTHMeCXOM  cx.ioxe, 
j aanacu  xoTopoA  ctoht  b HHcne  KpynneAujHX  b MHpe  Bnojme  ae- 
ponTHo,  mto  HeipTb  h ras  6yAyT  oflHapyixeHM  a xo.THHecraa x. 
AocTaTOHHHx  a.ih  peHTaBexbHoA  paapafioTHH,  no  aceMy  cesep- 
HOMy  paAoHy  Axhcxh  h noaTOMy  pa3BeAxa  h pa3pa60Txa  hx  Mec- 
I Topo*AeHHA,  BeponTHO,  npoAAHTcn  h a cneAywweM  cto- 
■TCTHH 

MaMeHeHHH  oxpyjxaximeA  cpeAbi,  cBnaaHHbie  c niNcxaHHHM h 
h pa3paftoTXoft  sHepreTHiecxnx  pecypcoB,  HeH36e*Ho  npHBenyT  h 
X COUHa.TbHbIM  npeoGpa  30B3H  HHM  HanpHMep,  B03M0WH0,  hto 
b c.TeAVDiuHe  AecRTb  act  MoryT  BupacTH  Hecxo.ibxo  noce.ieHHA 
c xoAHnecTBOM  whtc.ipA  ot  5000  jo  7000  Me.l  B XaiXJOM 

OneHb  TpyjHO  onpeje.inTb.  xaxue  butoju  npHHeceT  paipa- 
I OoTxa  npnpojHbix  pecypcoB  CTpaHe  h Hace.ieHHD  KoMneHcaunn 
| aa  HanereHHbift  npHpojHoft  epeje  ymepfi  Taxwe  npejcTaB.ineTcn 
cMyTHO.  <t>3XTHHccxaH  on.iaTa  Ha.iimuxiMH  ACHbraMH  ia  yc.lyrH 
| oGbiHHO  hc  noxpbisacT  bcd  cTOHMOcTb  ypona,  HaHCCeHHOI 0 npHpOA- 
hoA  epeje  h xopeHHOMy  nace.iemno 

HuynHaTU  HaMenaDT  pa3pa6oTan>  cucTeMy  fiepeixHoro  otiio- 
uieHHH  x npHpojHoA  epeje  h npaBnxbHoro  BejeHim  xoanAcTBa. 
To.ibxo  yMenoe  njaHHpoBaHHC  o6ecneiHT  pea.ibHMe  h j.iHTe.ibKue 
npeiiMymecTBa  hoboh  chctcmbi  ncno.ib30BaHHB  aeMe.ib.  HHyniiaTbi 
OCBa HB3X3T  MeTOAM  npaBHJbHOTO  BCjeHHH  X03BAcTBa.  TOTOBHT  J.1H 
3toto  xajpu  n coajaxiT  cneuna.ibHbie  ynpoxAemiH.  Hx  paayMHuA 
nojxoj  x HcnojbaoBaHiiro  3eMJii  cnoco6cTByeT  BoaoCHOBjeHiiKi  h 
coxpaHeHHio  ee  ochobhoA  ucaocthocth  b npoTHBHOM  cxynae  3a- 
THHyBUJHecH  ueperoBopbi  o caMoonpeae.ieHHH  6yjyT  CeccMbic.ieH- 
HblMH. 
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RESOURCE  DEVELOPMENT  AND  RELATtD 
ENVIRONMENTAL  PROBLEMS  IN  ARCTIC 
ALASKA  - IMPACT  ON  FISH  AND  WILDLIFE 

David  R.  Klein  and  James  E.  Hemming* 


In  arctic  regions  fish  and  wildlife  resources  have 
traditionally  been  the  basis  of  support  for  the  people 
living  there.  Now,  with  the  accelerated  exploration 
for  petroleum  products  and  minerals  in  the  Arctic  and 
the  subsequent  development  of  exploitation  processes, 
there  are  new  pressures  being  placed  on  fish  and  wild- 
life populations  and  their  habitat. 

The  discovery  of  large  reserves  of  crude  oil  and 
natural  gas  at  Prudhoe  Bay,  Alaska  in  1968  brought 
increased  attention  to  the  Alaskan  Arctic  as  a new 
source  of  energy  which  could  help  to  meet  the  large 
requiremen'.s  for  industrial  and  civilian  use  in  the 
United  States  and  help  to  lessen  dependency  on 
foreign  oil. 

The  Prudhoe  Bay  oil  field  is  now  being  developed 
and  the  Trans  Alaska  Oil  Pipeline  is  over  half  com- 
pleted. Plans  are  underway  to  build  a gas  pipeline  to 
provide  Prudhoe  Bay  natural  gas  to  American  con- 
sumers and  there  is  widespread  exploration  for  new 
oil  fields  throughout  the  Alaskan  Arctic  both  on  land 
and  under  the  adjacent  seas.  Changing  land  status  in 
Alaska  as  a result  of  the  Alaska  Native  Claims  Settle- 
ment Act  of  1971  has  also  brought  increased  oil 
exploration  to  the  new  native-owned  lands.  Aadition- 
ally,  the  federal  government  has  recently  adopted  a 
policy  of  increased  oil  exploration  and  development 
on  federally  owned  lands  in  Alaska  and  on  the  ad- 
jacent outer  continental  shelf. 

This  greatly  increased  scale  of  petroleum  explora- 
tion and  development  in  Alaska  has  brought  with  it 
many  new  and  widespread  influences  on  fish  and  wild- 
life resources.  Oil  exploratory  activities  are  widely 
dispersed  and  of  short  duration  in  any  one  area,  and 
are  carried  out  with  a minimum  of  advance  planning. 
Consequently,  it  is  difficult  for  state  and  federal 
government  authorities  to  provide  the  necessary 
surveillance  to  ensure  that  the  exploratory  activities 
do  not  create  unnecessary  damage  to  the  land  and 
waters  and  to  fish  and  wildlife  populations.  Of  major 
concern  during  exploratory  activities  are  the  use  of 
tracked  vehicles  on  the  tundra  in  summer  which  causes 


scarification,  erosion  and  stream  siltation;  use  of  ex- 
plosive charges  near  fish  spawning  gravels;  fuel  oil  or 
waste  oil  spills  into  waters  where  fish  or  birds  may  be 
threatened;  winter  depletion  of  water  through  pumping 
from  pools  in  rivers  and  streams  where  fish  are  con- 
centrated; disturbance  to  nesting  raptors,  waterfowl 
and  other  birds  and  to  caribou  ( Rangifer  tarandus), 
mountain  sheep  (Ovis  dalli)  and  other  large  mammals 
during  and  right  after  the  birth  of  young;  improper 
disposal  of  garbage  at  field  camps  which  leads  to 
problems  with  bears  and  other  carnivores;  harassment 
of  large  mammals  and  nesting  birds  by  low  flying  air- 
craft; and  mining  of  gravel  with  subsequent  siltation 
or  destruction  of  fish  spawning  sites.  Poaching  of  game 
and  illegal  taking  of  raptors  for  falconry  are  also  com- 
monly associated  with  oil  exploratory  activities. 

At  the  present  time  damage  to  wildlife  habitat 
through  oil  exploratory  activities  has  been  greatly  cur- 
tailed through  the  establishment  of  state  and  federal 
regulations  prohibiting  the  use  of  tracked  vehicles  on 
the  tundra  in  summer;  requiring  permits  for  gravel 
mining  and  for  the  use  of  large  amounts  of  fresh  water 
for  field  camps  or  exploratory  drilling  and  through  the 
increase  of  surveillance  activities.  On  the  large  Naval 
Petroleum  Reserve  No.  4 (95,000  kmJ)  an  environ- 
mental impact  statement  is  being  prepared  as  a basis 
for  assessing  the  extent  of  environmental  impacts 
which  are  expected  as  a result  of  extensive  oil  ex- 
ploratory activity  and  to  provide  for  the  development 
of  regulations  to  minimize  these  impacts;  however, 
exploration  has  already  begun  before  the  completion 
of  the  impact  statement.  The  U.S.  Congress  has  also 
recently  transferred  management  responsibility  for 
this  vast  area  from  the  U.S.  Navy  to  the  U.S.  Depart- 
ment of  the  Interior  in  recognition  of  the  importance 
of  the  fish  and  wildlife  and  other  resources  that  exist 
there  in  addition  to  oil  and  natural  gas.  The  state  of 
Alaska  has  also  established  the  policy  of  requiring 
environmental  impact  assessments  prior  to  any  large 
scale  exploratory  activity  on  state  lands. 


* Leader.  Alaska  Cooperative  Wildlife  Research  Unit.  University  of  Alaska,  Fairbanks.  Alaska;  Joint  State/Federal 
Fish  and  Wildlife  Advisory  Team,  Anchorage,  Alaska,  respectively. 


In  cases  where  damage  is  done  to  the  surface  vegeta- 
tion, winch  may  lead  to  erosion,  restoration  through 
revegetation  or  other  procedures  is  required  of  the 
responsible  company.  In  addition,  fines  have  been 
imposed  on  companies  which  have  violated  environ- 
mental regulations  governing  exploratory  activities. 

Development  of  oil  and  gas  fields  after  their  dis- 
covery creates  many  problems  for  lish  and  wildlife 
different  from  those  associated  with  exploratory 
activities.  During  development,  construction  activities 
are  localized  and  are  normally  preceded  by  intensive 
planning.  This  provides  for  time  to  carry  out  initial 
studies  to  assess  impacts  on  fish  and  wildlife  and  to 
provide  for  the  development  of  stipulations  to  protect 
fish  and  wildlife  values  or  to  minimize  the  impact  of 
construction  activities. 

In  the  case  of  the  Trans  Alaska  Pipeline  there  was 
an  intensive  environmental  assessment  made  of  the 
project  and  comprehensive  sets  of  environmental  and 
technical  stipulations  governing  construction  were 
developed  by  both  the  federal  and  state  governments 
before  authorization  was  granted  to  begin  construction. 
This  preliminary  work  required  that  numerous  studies 
be  done  to  provide  information  on  the  distribution, 
abundance  and  movements  of  fish  and  wildlife  and 
their  habitat  requirements.  Additionally,  in  some 
cases  experimental  work  had  to  be  undertaken  to 
determine  the  effects  of  certain  construction  activities 
on  fish  and  wildlife  populations.  These  involved 
studies  of  the  reaction  of  caribou  to  various  pipeline 
construction  modes,  of  the  swimming  ability  of  fishes, 
of  the  reaction  of  animals  to  low  flying  aircraft,  etc. 

On  the  basis  of  the  preliminary  fish  and  wildlife  in- 
vestigations the  planned  locations  of  construction 
camps,  airports,  pumping  stations,  communication 
sites,  gravel  pits  and  access  roads  were  in  some  cases 
modified  to  minimize  direct  impacts  to  fish  and  wild- 
life. This  included  moving  communication  sites  away 
from  raptor  nesting  cliffs,  rerouting  of  the  pipeline 
and  haul  road  away  from  mountain  sheep  lambing 
areas  and  fish  spawning  areas,  and  location  of  gravel 
pits  where  impact  on  fisheries  could  be  minimized  or 
to  enable  the  abandoned  pits  to  be  flooded  and  de- 
veloped for  fisheries  production. 

Approximately  72%  of  the  pipeline  route  is  on 
federal  land  and  most  of  the  remainder  is  on  state 
land.  Both  the  federal  and  state  governments  estab- 
lished special  agencies  to  oversee  the  pipeline  con- 
struction to  ensure  that  environmental  and  technical 
stipulations  are  being  met  and  to  provide  for  assistance 
to  the  construction  companies  in  solving  problems  en- 
countered in  the  field.  There  are  approximately  160 
people  involved  in  pipeline  surveillance  work,  including 


I 17  federal  and  4.1  slate.  These  include  a joint  team  of 
federal  and  state  fisheries  and  wildlife  biologists  who 
work  together  along  the  pipeline  and  coordinate  their 
activities  with  the  central  offices  in  Anchorage. 

Fisheries  problems  of  pipeline  construction 

Construction  of  the  pipeline  across  streams  was  pro- 
hibited during  fish  spawning  and  migration  periods  and 
a 100-meter  buffer  of  undisturbed  vegetation  was 
required  along  all  water  bodies.  This  proved  to  be 
inadequate  and  because  of  siltation  from  denuded  stream 
banks,  chronic  water  pollution  problems  associated  with 
construction  camps  and  the  frequency  of  fuel  spills  in 
the  camp  areas,  a 450-meter  buffer  zone  is  now  recom- 
mended to  protect  aquatic  resources. 

More  than  1600  stream  crossings  will  be  made  on  the 
pipeline  project  and  most  of  these  streams  support  fish 
populations.  On  small  streams,  culverts  or  low  water 
crossings  (fords)  were  initially  used  on  the  pipeline 
workpad;  however,  the  culverts  often  increased  water 
velocities  so  that  fish  could  not  pass,  and  they  would 
often  ice  up  in  winter  and  wash  out  during  spring 
runoff  unless  special  fuel  oil  heaters  were  used  to  keep 
them  open.  It  was  found  that  grayling  ( Thymallus 
arcticus),  one  of  the  most  common  fish  in  streams  along 
the  pipeline,  could  swim  against  water  velocities  of  up 
to  1 meter  per  second;  however,  the  construction  com- 
pany chose  maximum  culvert  velocities  of  1 .2  meters 
per  second  as  its  design  criteria.  Grayling,  however,  can 
apparently  accommodate  up  to  a five-day  delay  in  their 
spawning  migration  before  reproduction  is  affected.  At 
low  water  crossings  coarse  r»  'k  was  laid  on  the  stream 
bed  to  support  vehicle  traffic,  but  in  most  cases  this 
proved  inadequate  to  prevent  excessive  turbidity  down- 
stream of  the  crossings  when  heavy  construction  vehi- 
cles were  being  used.  It  is  now  recognized  that  bridges, 
while  initially  more  expensive,  require  less  maintenance 
and  pose  fewer  threats  to  fisheries. 

Several  pipeline  crossings  of  rivers  were  completed 
in  winter  when  water  flow  rates  were  low;  however, 
removal  of  ice  to  allow  ditching  in  some  cases  required 
blasting  because  of  failure  of  ice  cutting  equipment. 
Concern  for  eggs  of  king  salmon  ( Oncnrhynchus 
tshawytscha ) and  whitefish  ( Prosnpium  sp.)  in  gravels 
in  the  adjacent  river  necessitated  using  numerous 
small  blast  charges  without  simultaneous  detonation, 
rather  than  large  explosions,  to  prevent  settling  of  the 
gravel  and  consequent  destruction  of  eggs  or  young 
fish  in  the  gravel,  or  the  stimulation  of  premature 
hatching  of  the  whitefish  eggs. 

During  initial  stages  of  pipeline  and  haul  road  con- 
struction improper  mining  of  gravel  took  place  within 
active  flood  plains,  resulting  in  rechannelization  (Fig.  1) 
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Figure  1.  Channelization  of  the  Dietrich  River  in  the  Brooks  Range  for  the  convenience  of  road  and  pipeline  con- 
struction has  led  to  accelerated  bank  erosion,  stream  siltation  and  excessive  stream  velocities,  all  of  which  have 
negative  effects  on  fish  spawning  and  migration. 


and  changes  in  stream  hydrology  with  attendant  re- 
duction in  the  productivity  of  aquatic  organisms, 
siltation  of  downstream  areas  and  the  creation  of 
velocity  barriers  to  fish  movement.  Since  approxi- 
mately 52,000,000  cubic  meters  of  gravel  will  be  re- 
quired for  the  project,  it  was  apparent  that  stronger 
regulations  governing  gravel  mining  were  required 
(fig.  2).  Both  the  state  and  federal  governments 
now  require  that  each  gravel  mining  request  include 
a site  description,  excavation  plan,  drainage  design, 
work  schedule,  location  of  waste  disposal  sites, 
quantity  to  be  mined  and  rehabilitation  procedures. 

In  winter  in  the  Arctic  and  Subarctic  there  is  often 
a very  limited  supply  of  potable  water  for  use  in  con- 
struction camps.  Direct  pumping  from  major  rivers 
is  of  ten  the  only  practical  method  of  obtaining  water. 
Problems  were  encountered  when  large  volumes  of 
water  were  removed  from  pools  beneath  the  river  ice 


where  resident  fish  species  are  concentrated  in  winter. 
Fish  may  enter  the  pumps  if  intakes  are  not  properly 
screened  and,  where  water  is  limited,  the  drawing 
down  of  the  water  may  result  in  death  of  the  over- 
wintering fish. 

Because  of  the  low  flow  volume  of  northern  rivers 
in  winter  and  their  low  dissolved  oxygen  content, 
the  disposal  in  them  of  even  secondary  treated 
sewage  effluent  may  cause  serious  damage  to  aquatic 
life.  Biological  sewage  treatment  plants  were  first 
used  in  the  construction  camps  but  they  proved  to 
be  largely  unsuccessful  and  were  replaced  by  physical/ 
chemical  treatment  units  which,  although  still  not  up 
to  the  standards  desired,  were  able  to  handle  higher 
organic  loading  and  fluctuations  in  hydraulic  loading 
while  producing  effluents  more  closely  approaching 
prescribed  levels. 
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Figure  2.  The  mining  of  large  amounts  of  gravel  for  pipeline  construction  poses  threats  to  fisheries  and  often 
destroys  riparian  habitat  for  moose  and  other  wildlife.  The  use  of  sheets  of  rigid  polyurethane  foam  to  insulate 
the  underlying  tundra  has  resulted  in  substantial  reductions  in  the  amount  of  gravel  required  for  workpad  con- 
> struct  ion. 

Wildlife  problems  of  pipeline  construction  crossings  were  a minimum  of  1 8 meters  wide  and  were 

When  the  Trans  Alaska  Pipeline  was  initially  pro-  located  at  traditional  animal  crossing  points  and  at 

posed,  biologists  expressed  concern  over  the  possible  intervals  of  approximately  600  meters.  Where  passage 

influence  of  a large  diameter  pipeline  on  the  move-  for  caribou  was  necessary , burial  of  the  pipe  was  con- 

ment  of  caribou  and  moose  ( Alces  alces).  Studies  by  sidered  the  only  procedure  which  would  allow  free 

the  Alaska  Cooperative  Wildlife  Research  Unit  re-  passage  of  caribou  although  it  was  recognized  that 

vealed  that  caribou  react  negatively  to  an  elevated  some  caribou  would  pass  under  an  elevated  pipe  ap- 

pipeline  and  cross  under  or  over  aboveground  pipe-  proximately  2 meters  above  the  ground.  Where 

lines  in  numbers  only  when  being  harassed  by  insects.  permafrost  containing  large  amounts  of  ice  occurred, 

The  Alaska  Department  of  Fish  and  Game  found  that  it  was  necessary  to  provide  special  mechanical  refriger- 

moose  will  move  under  elevated  pipe  of  suitable  height  ation  of  the  buried  pipe  to  insure  its  integrity  in  the 

above  the  ground.  In  order  to  obtain  relatively  free  soil.  Each  of  these,  however,  requires  a special  build- 

passage  of  large  mammals  special  criteria  for  crossings  ing  with  motors  and  pumps  and  they  are  very  costly, 

were  prepared.  In  areas  occupied  by  moose  and  bison  The  pipeline  company  was  therefore  very  reluctant  to 

(Bison  bison)  it  was  considered  necessary  for  the  mini-  provide  such  special  crossings  for  caribou.  Two  of 

mum  clearance  between  the  ground  and  the  bottom  of  these  special  buried  and  refrigerated  caribou  crossings, 

the  pipe  to  be  3 meters  at  special  crossings.  These  averaging  3.1  kilometers  in  width,  were  constructed. 
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Figure  3.  Bears  have  been  a continuing  wildlife  problem  at  the  pipeline  construction  camps.  Even  with  proper 
garbage  disposal,  including  incineration,  food  handouts  by  workers  habituate  bears  to  the  camps  which  usually 
leads  to  their  destruction. 


Additionally,  23  short  buried  sections  20  meters  in 
width,  and  supported  by  adjacent  aboveground  sec- 
tions, were  provided,  but  these  were  not  considered 
by  biologists  to  be  wide  enough  to  provide  for  the 
free  movement  of  large  numbers  of  caribou.  It  should 
be  noted,  however,  that  of  the  total  pipeline,  approxi- 
mately 230  kilometers  will  be  buried  where  gravels  or 
other  stable  soils  exist  and  many  of  these  buried 
sections  coincide  with  caribou  and  other  large  mam- 
mal movement  zones.  A total  of  458  large  mammal 
crossings  have  been  included  in  the  design  of  the 
pipeline,  and  after  construction  these  will  be  moni- 
tored to  evaluate  their  use  by  wildlife. 

In  several  cases  requests  for  mining  of  gravel  or 
other  materials  were  denied  because  of  the  possible 
impact  on  wildlife.  This  happened  when  the  proposed 
material  sites  were  located  adjacent  to  peregrine  falcon 
(Falco  peregrinus)  nesting  areas  (an  endangered  species 
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in  the  United  States),  within  mountain  sheep  lambing 
areas  or  where  mining  below  the  water  table  would 
result  in  permanent  loss  of  riparian  vegetation  of  pri- 
mary importance  to  moose  in  winter. 

Direct  feeding  of  animals  by  construction  workers 
and  attraction  of  animals  through  improper  handling 
of  waste  food  material  has  been  a serious  problem 
during  pipeline  construction.  The  animals  involved 
have  been  the  black  bear  (Ursus  americanus),  grizzly 
bear  (U.  horribilis),  wolf  (Cams  lupus),  arctic  fox 
(Alopex  lagopus ),  red  fox  ( Vulpes  fulva ),  arctic  ground 
squirrel  (Citellus  undulatus),  glaucous  gull  (Larus 
hyperboreus)  and  raven  (Corvus  corax).  Although 
regulations  require  prompt  incineration  of  waste  food 
material  at  construction  camps  and  provide  for  disci- 
plinary action  against  workers  feeding  animals,  through 
carelessness  and  disregard  for  regulations,  animals  are 
regularly  attracted  to  the  construction  areas  (Fig.  3). 
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This  leads  to  potential  hazards  to  the  animals  as  well 
as  the  construction  workers.  Animals  accustomed  to 
being  fed  are  often  killed  when  struck  by  vehicles  on 
the  road  system  or  they  become  prey  for  poachers. 
Bears  often  cause  damage  to  buildings  and  equipment 
or  pose  threats  to  the  workers  and  have  to  be  des- 
troyed. Rabies  was  expected  among  the  foxes  and  a 
few  workers  were  bitten  while  feeding  them.  As  yet 
no  rabies  has  been  found  in  animals  along  the  pipe- 
line but  an  outbreak  of  the  disease  could  pose  a 
serious  threat  to  the  wolves  and  lead  to  the  wide- 
spread killing  of  foxes. 

There  is  some  evidence  that  feeding  may  alter 
seasonal  behavior  patterns  and  normal  migratory 
movements.  Grizzly  bears  receiving  food  at  construc- 
tion camps  were  observed  to  remain  active  for  up  to 
a month  after  their  nomial  denning  time  and  glaucous 
gulls  remained  near  construction  camps  on  the  tundra 


until  late  November  instead  of  migrating  south  in 
September  as  is  normally  the  case. 

The  wildlife  feeding  problem  can  be  greatly  cur- 
tailed if  all  garbage  facilities  are  fenced  and  waste 
food  is  promptly  incinerated  at  construction  camps. 
Buildings  should  also  he  skirted  so  that  they  cannot 
be  used  as  shelters  or  for  denning  purposes.  Education 
of  workers  about  the  dangers  of  rabies  and  possible 
injury  through  feeding  of  animals  as  well  as  the  harm 
done  to  the  animals  is  also  helpful  but  this  must  con- 
stantly be  reinforced  in  the  camps.  Tire  interest  in 
photography  and  apparently  the  psychological  satis- 
faction involved  in  animal  taming  tend  to  override 
concern  for  the  well-being  of  either  the  workers  or  the 
animals  (Fig.  4).  Unfortunately  the  tamed  animals 
are  degraded  in  both  an  aesthetic  and  ecological  sense. 

Studies  in  the  use  of  emetics  to  discourage  bears, 
wolves  and  foxes  from  accepting  food  from  humans 
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Figure  5.  Dust  blowing  from  the  pipeline  haul  road  in  late  winter  and  spring  causes  premature  snow  melt  on  the 
adjacent  tundra.  The  exposed  vegetation  is  an  attraction  for  caribou  and  migrating  waterfowl  and  results  in  early 
nesting  of  some  bird  species.  The  ecological  consequences  of  this  phenomenon  are  not  understood. 


have  had  limited  success.  Lithium  chloride  (LiCl)  was 
offered  in  food  items. 

Control  of  ground  and  air  traffic  was  necessary 
under  some  circumstances  to  avoid  harassment  to 
wildlife.  This  included  a restriction  of  all  ground  and 
air  traffic  within  800  meters  of  known  peregrine  falcon 
nests  from  I 5 April  to  I 5 August.  Similarly,  construc- 
tion of  the  pipeline  haul  road  in  1975  was  restricted 
in  the  Brooks  Range  during  the  mountain  sheep  lamb- 
ing period.  Studies  of  the  reaction  of  caribou  to  low 
Hying  aircraft  indicate  that  flights  helow  100  meters 
can  result  in  physiological  stress  and  injury  while  flights 
over  I 50  meters  usually  do  not  cause  reaction  by  the 
animals.  As  a result  minimum  flight  levels  have  been 
prescribed  for  aircraft  over  animal  concentration  areas 
such  as  caribou  calving  areas,  mountain  sheep  winter 
concentration  and  lambing  areas  and  moose  wintering 
areas. 


Numerous  additional  fish  and  wildlife  problems 
have  come  to  light  during  the  construction  process 
which  may  have  long-lasting  ecological  consequences, 
however,  additional  studies  are  required  to  monitor 
the  changes  which  may  take  place.  One  such  problem 
is  the  early  snow  melt  on  the  tundra  adjacent  to  the 
haul  road  as  a result  of  dust  blowing  from  the  road 
onto  the  snow  (Fig.  5).  The  early  exposure  of  vegeta- 
tion attracts  caribou,  waterfowl  and  other  birds  to 
feed  and  in  some  cases  early  nesting  is  associated  with 
high  nest  failure.  Oil  used  to  control  the  dust  on  the 
road  has  also  been  carried  onto  the  adjacent  vegetation 
in  road  spray  during  wet  weather  (Fig.  0).  The  possible 
effect  of  this  oil  on  the  plants  or  on  the  animaN  feed- 
ing on  the  plants  is  not  known. 

Tile  pumping  stations  for  the  pipeline  south  of  the 
Brooks  Range  will  each  release  into  the  atmosphere 
approximately  450  tons  of  sulfur  dioxide  and  several 
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Figure  h.  Oiling  of  the  pipeline  haul  road  to  control  road  dust  has  resulted  in  the  dispersal  of  oil,  mixed  with  silt 
and  water  in  road  spray,  onto  the  adjacent  tundra  downwind  of  the  road  as  shown  here.  The  consequences  of 
the  oil  on  the  vegetation  and  the  animals  feeding  on  it  are  not  known  and  should  he  the  focus  of  investigations. 


limes  that  amount  of  nitrogenous  products  each  year. 
Studies  are  just  being  initiated  to  assess  the  effects  of 
the  fallout  of  these  pollutants  on  vegetation  and  par- 
ticularly on  lichens  which  are  so  important  as  food 
for  caribou  in  winter. 

Of  concern  in  the  future  is  the  impact  to  be  felt 
on  fish  and  wildlife  if  the  haul  road  from  the  Yukon 
River  to  Prudhoe  Bay  is  opened  to  the  public  upon 
completion  of  pipeline  construction.  Fish  and  wild- 
life populations  in  arctic  regions  do  not  have  the 
productive  capacity  of  similar  populations  further 
south  and  they  will  not  be  able  to  withstand  intensive 
recreational  and  subsistence  fishing  and  hunting.  At 
the  present  time,  during  pipeline  construction,  the 
Alaska  Board  ot  Fish  and  Ciame  has  closed  the  entire 
pipeline  corridor  north  of  the  Yukon  River  to  hunting 
and  fishing.  Currently,  the  state  of  Alaska  is  develop- 
ing policy  to  govern  the  use  of  the  road  in  the  future 


and  this  may  include  restricted  use  by  the  public  but 
with  continued  industrial  use  for  oil  field  development 
and  to  facilitate  the  construction  of  a natural  gas  pipe- 
line from  Prudhoe  Bay  across  Canada  or  to  a southern 
Alaskan  port. 

The  Trans  Alaska  Pipeline  is  the  largest  construction 
project  ever  undertaken  and  it  is  being  built  in  a northern 
environment  previously  unaltered  and  rich  in  fish  and 
wildlife  resources.  Because  of  the  magnitude  of  the  pro- 
ject, it  is  inevitable  that  its  impact  on  fish  and  wildlife 
resources  will  be  great.  On  the  other  hand,  because  of 
the  long  period  of  advance  planning  involved,  the  de- 
tailed studies  undertaken  and  the  active  participation 
of  both  the  state  and  federal  governments  in  the  de- 
velopment of  environmental  stipulations,  the  impact 
of  the  project  on  fish  and  wildlife  resources  will  be 
minimized.  Although  numerous  problems  with  fish 
and  wildlife  resources  have  developed,  no  similar 
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project  has  ever  had  such  close  scrutiny  by  biologically 
trained  observers.  The  project  itself  is  also  the  source 
of  much  needed  information  on  pipeline  construction 
in  arctic  and  subarctic  environments. 


fl.  P.  Kaouh 

(CLUA,  <t>sp6eHKc,  A.thck.i) 

E.  XeMMum 

(CLUA,  AHKopiww,  A-nncKa) 


PA3PABOTKA  flPMPOAHblX  PECYPCOB 
H CBA3AH H blE  C HER  flPObJlEMbl  OXPAHbl 
OKPyjKAIOmER  CPEflbJ  B APKTHHECKOR  AJlflCKE  — 
B03flERCTBHE  HA  Pblb  H flHKHX  )KHBOTHblX 

3tot  AOKAaA  nocBttmeH,  b ochobiiom,  BonpocaM  bahsuihb  pa3- 
pa60TKH  HetpTHHblX  MCCTOpO)KAeHIIH  tta  pu6  H AHKHX  JKHBOTltblX 
apKTHMeCKIIX  paflOHOB  AaHCKH. 

06cy)KflaeTCB  B03,aeflcTBiie  Kpymtbix  CTpoHTeAbitux  o6t.eKTOB, 
HacocHbtx  CTattUMH,  asponoptoB,  netpTenpoBOAOB,  cpeACTB  coo6me- 
Hitfl,  MecT  xpaHettHH  MaTepitaAOB,  cBa.noK  tt  Aopor  na  tteKorAa  apb- 
CTBeHHyio  npupoAy  TyHApu.  Oco6oe  BitHMaime  o6pamaeTCH  tta 
nocAeACTBHR  CAe.tyiomMx  tpaKTopoB: 

— aKTHBH3aiLHH  H33eMHOrO  It  B03AytUH0r0  TpaHCnopTa,  AoCbl'IH 
rpaBHB,  npoBeAettmi  Aopor  h TpancaAHCKHHCKoro  HetpTenpoBOAn 
b MecTax  ttepecTa  pbt6u,  rHe3AOBaHtiB  iithu  h OTeAa  KonbiTHbtx; 

— 3arpH3HemiR  boau  ctomhumh  BOAaMtt,  netpTbto  11  h.iom; 

— HepaunottaAbHoro  oTitomeimsi  AtoAeii  k ahkhm  jkhbothum, 
o6yc.noBAeHHoro  HenpaBitAbHUM  xpaHemteM  ot6pocob  it  KopMAe- 
HtteM  xhulhiikob; 

— tiapyiueHiiR  nyTefi  MHrpamtH  pu6  it  ahkhx  jkhbothux  cyuiH. 
Bbi3Ba hhoo  cTpottTeAbCTBOM  Aopor,  npoBeAemteM  Tpy6onpoBOAa  it 
ABttJKeHHeM  TpancnopTa; 

— B03AeficTBHH  3a6opa  niiTbeBoti  boau  h boau,  HcnoAb3yeMoft 
b CTpoHTeAbCTBe  tta  noiiyAHitHH  3HMyiomHx  pu6; 

— B03AeflCTBHB  pa3AHBUJeHCfl  HetpTH  Ha  TpOtpHMeCKHe  uentt. 
Ha  OTAeAbHUe  BHAU  AHKHX  HtHBOTHbIX  H MeCTHUe  BHAU  paCTeHHit. 

YAeAHeTCH  BHHMaHlie  MPTOAaM  CTpOHTeAbCTBa,  nptl  KOTOPUX 
nonyARUHHM  jkhbothux  HattocHTca  MHHHMaAbHufi  ytuep6,  c yue- 
TOM  MeCTa  H BpeMeHH  CTpOHTeAbCTBa,  KOHTpOAH  3a  3p03HeH  BOMB, 
MeponpHHTHfi  BoccTaHOBHTeAbHoro  xapaKTepa. 

OcHOBHOe  BHHMaHHe  yACAHeTCH  CAeAyiOlltHM  BIIA3M  ahkhx  >KH- 
bothux,  TaKHM  KaK:  cokoa  cancan,  6apaH  HaAAa.  Kapn6y,  AOCb, 
roAett,  xapnyc,  boak,  AHCHtta,  neceu,  a Taxwe  BOAonAaBatoutue 
nTIIUU,  KyAHKH  H BOpo6bHHUe.  06cy)KAaiOTCH  Bonpocu  OXpaHbt 
OKpy>Kaiomeit  cpeAU  b pafloHe  TpaHcaAttcKHHCKoro  HetpTenpoBOAa. 


COMPUTER  MODELING  OF  TERRAIN  MODIFICATIONS 
IN  THE  ARCTIC  AND  SUBARCTIC 
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INTRODUCTION 

In  the  middle  latitudes  alteration  of  the  ground 
surface  by  man  during  the  process  of  urbanization 
frequently  increases  its  mean  annual  temperature. 

This  effect  can  be  produced  merely  by  alterations  of 
the  thermal  radiational  or  aerodynamic  characteris- 
tics of  the  surface,  even  without  the  further  effects  of 
heating  and  other  industrial  or  domestic  processes. 
Thus,  the  effect  of  an  urban  heat  island  would  appear 
in  a deserted  power-off  urban  environment  (Outcalt , 
1972b). 

In  permafrost  terrain,  where  the  volumetric  ice 
content  of  the  soil  is  larger  than  the  unfrozen  soil 
porosity,  the  deepening  of  the  annual  thaw  layer 
(active  layer),  followed  by  evaporation  or  drainage, 
results  in  collapse  or  differential  settling  of  the  soil 
surface  or  thermokarst  development.  The  effects  of 
poorly  planned  structures  on  the  thermal  regime  can 
thus,  by  the  feedback  mechanism  of  soil  warming  and 
thermokarst  formation,  produce  structural  failures. 
Even  surface  modifications  not  involving  structures, 
such  as  drainage,  irrigation  and  clearing  of  timber, 
can  produce  these  effects. 

In  the  natural  terrain  of  interior  Alaska  the  depth 
of  the  active  layer  varies  considerably  with  slope,  ex- 
posure, substrate  conditions  and  vegetation  (Pewe', 
1967).  In  river  bottoms,  a thaw  variation  from  35 
cm  under  black  spruce  to  55  cm  under  willows  has 
been  reported  (Viereck,  1970).  An  extensive  review 
of  the  relationships  between  permafrost  conditions 
and  vegetation  types  was  presented  at  the  First  Inter- 
national Conference  on  Permafrost  (Benninghoff, 
1963).  Linell  (1973)  has  described  the  long-term  ef- 
fects of  surface  modification  at  a Fairbanks  test  site 
where  drainage/evaporation  removed  the  excess  soil 
water  created  by  permafrost  degradation.  As  illus- 


trated in  Figure  1 , the  depth  of  the  active  layer  in- 
creased from  1.1  meters  in  an  undisturbed  spruce  for- 
est terrain  to  4.5  meters  where  the  forest  had  been 
cleared,  to  6.7  meters  where  the  surface  was  cleared 
and  stripped  to  bare  mineral  soil.  These  effects  were 
produced  over  a 26-year  period  at  a carefully  moni- 
tored test  site.  After  26  years  the  1 0-meter  tempera- 
ture in  the  degrading  permafrost  at  the  stripped  and 
cleared  site  had  warmed  to  -0.2°C  in  comparison  with 
-0.5°,C  at  the  same  depth  beneath  undisturbed  forest. 

In  the  same  area,  Berg  and  Aitken  (1973)  reported  a 
significant  lowering  of  ground  temperature  beneath  a 
white-painted,  asphalt  pavement  compared  to  normal 
asphalt  pavement  (Fig.  2).  The  asphalt  albedo  was  in- 
creased from  1 5 to  49%  by  the  white  paint. 

Recent  literature  reviews  covering  the  surface  ef- 
fects produced  by  snow  albedo  modification  and  snow 
evaporation  control  by  the  application  of  monomolecu- 
lar  films  have  been  compiled  by  Slaughter  (1969,  1970). 
The  possibility  of  using  snow  fences  to  augment  the 
fresh  water  supply  at  Barrow  village  has  been  studied 
by  Slaughter  et  al.  (1975).  The  effects  of  air  cushion 
vehicle  passage,  fire  and  flood,  seismic  lines  and  organ- 
ic layer  removal  at  numerous  locations  have  been 
described  (Brown  et  al.,  1969;  Rickard,  1972;  Mackay. 
1970;  Viereck,  1973;  Kriuchkov,  1968;  Sterrett,  1976). 
In  Canada  and  the  Soviet  Union  systematic  surface 
modification  experiments  have  been  carried  out  in  re- 
cent years  (Gold,  1967;  Pavlov,  1973,  1975). 

Planned  surface  modification  may  produce  either 
an  increase  in  the  active  layer  depth  (permafrost  de- 
gradation) or  a decrease  in  the  active  layer  depth 
(permafrost  aggradation).  In  some  cases  degradation 
is  a useful  modification  for  agricultural  purposes,  to 
facilitate  overburden  removal  at  strip  mining  sites 
and  in  the  preparation  of  foundations.  Aggradation 
tends  to  stabilize  foundations  and  other  structures 
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Figure  1.  Change  in  permafrost  table  following  clearing  and  stripping  in  the  Fair- 
banks area  (Linell,  1973). 


Figure  2.  Difference  in  surface  elevation  and  the  depth  to  the  permafrost  table  under 
different  surface  treatments  (Berg  and  Aitken,  1973). 
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Table  1.  Summary  of  surface  modification  effects. 

Effect  on  active 


Action 

PH y Meal  impact 

layer  depth 

Application  of  light  paint  or 

Increase  albedo 

Decreaae 

duat 

Application  of  dark  paint  or 

Decreaae  albedo 

Increaae 

duat 

Ramoval  of  regulation 

Incnaae  incident  tolar 
radiation 

Increaae 

Eatabliahment  of  vegetation 

Decreaae  aolar  radiation 

Decreaae 

Removal  of  oiganic  aurface 

Accelerated  thaw 

Increaae 

aoil 

Snow  fencing 

Warm  winter  aoil 
Reduce  anow-free  aeaaon 

Uncert  ain/dependen  t 
on  enow  depth  and 
climate 

Irrigation  (wet) 

Increase  evaporation 
(cool) 

Decreaae 

Drainage  (dry) 

Decreaae  evaporation 
(warm) 

Increaae 

i 
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and  forms  an  impervious  seal  that  prevents  groundwater 
movement.  The  types  and  effects  of  some  surface  mod- 
ifications are  abstracted  in  Table  1. 

Snow  manipulation  effects  are  extremely  dependent 
upon  both  the  local  climate  and  the  nature  of  the  snow 
cover.  The  evolution  of  thermokarst  terrain  during  ac- 
tive layer  deepening  is  vastly  accelerated  at  sites  where 
the  thawing,  ice-rich  soil  is  well  drained  since  the  effec- 
tive heat  diffusivity  of  the  soils  during  freeze-thaw  is 
increased  by  approximately  an  order  of  magnitude  in 
comparison  with  a saturated  soil.  This  facilitates  the 
rapid  deepening  of  the  active  layer.  The  soil  heat  thus 
thaws  an  ice-rich  zone  in  year  1 with  a considerable  ex- 
penditure of  energy.  However,  during  year  2 the  zone 
is  more  rapidly  thawed  as  less  ice  must  be  melted.  The 
remaining  energy  is  available  for  more  thaw  at  depth. 
This  type  of  feedback  produces  spectacular  effects  at 
sites  where  the  local  surface  drainage  network  evolved 
and  deepened  since  the  establishment  of  permafrost  in 
the  region.  The  meltwater  generated  by  thermokarst- 
ing  is  drained  away,  increasing  the  effective  thermal 
diffusivity  of  the  newly  thawed  layer.  Conversely,  at 
sites  where  drainage  is  not  possible,  such  as  wet  bot- 
tom-land, the  available  soil  heat  is  expended  on  freez- 
ing and  thawing  a soil  perpetually  in  saturated  condi- 
tions and  therefore  an  equilibrium  condition  between 
the  active  layer  depth  and  the  surface  modified  ther- 
mal regime  is  more  quickly  attained  than  at  well- 
drained  sites. 
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MODELING  SURFACE  MODIFICATION 
EFFECTS 

In  the  rapidly  developing  arctic  and  subarctic  re- 
gions of  the  Northern  Hemisphere  both  the  geomor- 
phic  and  climatological  environments  exhibit  consid- 
erable geographic  variability.  The  climate  of  these 
northern  regions  also  illustrates  strong  effects  of  both 
latitude  and  continentality.  A preliminary  analysis  to 
examine  the  effects  of  geographic  climatic  variation 
on  the  impact  of  soil  desiccation  due  to  drainage  mod- 
ification and  organic  layer  removal  was  attempted  for 
the  entire  permafrost  region  of  northern  Canada  by 
Goodwin  and  Outcait  (1974).  It  was  discovered  in 
this  computer  modeling  experiment  that  the  effects  of 
removal  of  the  organic  layer  on  the  active  layer  depth 
showed  no  strong  response  to  climatic  variation  where- 
as soil  desiccation  effects  were  strongly  affected  by 
variation  in  regional  climate  due  to  the  strong  physi- 
cal coupling  between  surface  wetness  and  the  surface 
energy  budget  regime. 

The  interaction  between  climate,  terrain  and  man 
which  frequently  alters  the  thermal  regime  is  difficult 
to  estimate.  At  Barrow,  Alaska,  the  simulation  of  in- 
creasing the  winter  snow  cover  by  constructing  snow- 
fences  produces  some  interesting  nonlinear  effects  in 
the  soil  thermal  regime.  Increasing  snow  depth  both 
shortens  the  period  available  for  active  layer  forma- 
tion and  stores  the  heat  of  the  previous  summer  in 
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the  soils  beneath  the  test  site.  Thus  at  the  time  of 
meltout,  which  is  delayed  in  comparison  with  sur- 
rounding natural  terrain,  the  near-surface  layers  are 
warmer  than  the  surrounding  natural  terrain  (Outcali 
el  al„  1975). 

The  effects  of  fire  have  frequently  been  considered 
to  produce  permafrost  degradation  near  the  north  -m 
tree-limit.  However,  in  northeastern  Siberia  a decade 
after  fire  the  permafrost  has  aggraded  by  10-20  centi- 
meters, producing  what  has  been  termed  pyrogenic 
tundra  in  regions  of  former  tree  cover  (Kriuchkov, 
1968). 

In  the  Mackenzie  Delta,  N.W.T.,  there  is  some  evi- 
dence that  several  preceding  decades  of  warmer  temp- 
erature conditions  are  now  producing  regional  perma- 
frost degradation  and  resulting  thermokarst  effects 
and  some  expansion  of  thaw  lake  basins  although  the 
present  annual  air  temperature  over  the  region  is  de- 
creasing (Mackay,  1975). 

In  recent  years  excellent  active  layer  and  general 
permafrost  numerical  and  analytical  models  have  been 
developed  (Smith  and  Hwang,  1973;  Gold  and  Lachen- 
bruch,  1973;  Goodrich,  l974;Nakano  and  Brown, 
1972;  Sharbatyan,  1974).  These  substrate  models 
considered  only  conduction  heat  flow  in  the  soil  as 
forced  by  a time  series  of  surface  temperature.  How- 
ever. the  application  of  equilibrium  temperature  alge- 
bra demonstrates  that  the  surface  temperature  is 
part  of  the  answer  to  the  surface  modification  prob- 
lem and  not  part  of  the  question  (Goddard,  1975; 
Goodwin  and  Outcalt,  1974;  Outcalt,  1972a).  Fur- 
ther. heat  transfer  in  the  soil  is  the  product  of  water 
and  water  vapor  movement  as  well  as  conduction 
(Philip,  1957;  Philip  and  deVries,  1957).  The  case 
for  wet  arctic  soils  in  which  water  vapor  effects  were 
neglected  but  the  heat  and  water  diffusion  expres- 
sions are  interactive  has  been  recently  modeled  by 
Guymon  and  Luthin  (1974)  and  Harlan  (1973).  These 
models  do  not  treat  complex  ice  segregation  effects 
which  have  been  discussed  in  the  literature  (Arakawa, 
1966;  Kinosita,  1973;  Palmer,  1967). 

In  addition,  terrain  thermal  models  should  incor- 
porate plant  canopy  effects  even  in  arctic  coastal 
tundra,  especially  if  detail  during  a diurnal  cycle  is 
necessary  for  plant  process  modeling  (Ng  and  Miller, 
1975).  Thermodynamic  considerations  should  be  in- 
cluded in  attempts  to  model  heat  and  mass  transfer 
in  the  complex  3-phase  system  of  a freezing  or  thaw- 
ing soil  in  which  ice.  water  and  water  vapor  coexist 


(Groenevelt  and  Kay,  1974).  Thus,  the  ideal  permafrost 
model  would  have  the  following  interactive  components. 

1.  Surface  energy  budget  with 

a.  Snow  accumulation  and  ablation 

b.  Plant  canopy  effects 

2.  Soil  model  with 

a.  Coupled  water,  water  vapor  and  heat  flow 
effects 

b.  Ice  segregation  with  space  geometry  interactive 

Recently  interactive  surface  energy  budget  models  of 

soil  surfaces  coupled  to  soil  heat,  water  and  water  vapor 
flux  models  have  been  developed  and  tested  (Sassimori, 
1970;  Rosema,  1974).  These  models  are  extremely 
sophisticated  and  utilize  both  the  details  of  the  soil  de- 
sorption and  unsaturated  hydraulic  conductivity  curves 
as  input  data. 

Unfortunately  the  comprehensive  model  for  perma- 
frost analysis  has  not  been  developed.  Therefore,  model- 
ing must  be  carried  out  by  selecting  situations  which  do 
not  require  all  the  components  of  the  ideal  model  out- 
lined above.  A model  incorporating  surface  energy 
transfer,  snow  accumulation,  ablation  and  soil  thermal 
evolution  with  freeze-thaw  was  developed  to  analyze 
snowfence  effects  at  Barrow,  Alaska,  and  is  completely 
described  in  a report  which  includes  a source  code  list- 
ing (Outcalt  et  al.,  1975).  Tire  model  was  developed  for 
wet,  poorly  drained  coastal  tundra  and  thus  is  mot  ap- 
plicable for  deep,  well-drained  sites  overlying  ice-rich 
permafrost,  or  sites  in  which  local  drainage  varies  due 
to  topographic  effects.  That  model  will  be  referred  to 
as  the  Barrow  model  and  was  slightly  modified  to  simu- 
late wet  bottomland  sites  in  interior  Alaska  with  poor 
local  drainage. 

MODIFICATION  OF  THE  BARROW  MODEL  FOR 
USE  IN  THE  INTERIOR  ALASKA  CASE 

In  the  Barrow  model  surface  roughness  and  albedo 
were  treated  as  functions  of  evolving  snow  depth.  The 
modified  model  used  a specified  roughness  to  simulate 
trees,  always  above  natural  snow  cover,  and  permitted 
the  soil  surface  albedo  to  be  specified  for  each  run 
whilst  the  snow  albedo  was  specified  as  in  the  Barrow 
model.  Tire  Barrow  model  was  further  altered  so  that 
the  emplacement  of  an  asphalt  pavement  could  be 
simulated.  With  some  small  refinements  to  increase 
mathematical  efficiency  the  resulting  model  modifica- 
tion resulted  in  what  will  be  called  the  Fairbanks  model. 
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s'  CALL  TSTART 
[inn  »nn  temp.  prof ilt) 


CALL  F0M0 

(calculate  profile  Foun«r  Moduli) 


i(rted  weather  data  matrix)! 


CALL  SEARCH 
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land  energy  bud 

get  components)! 

Figure  3.  Model  flow  chart. 


CallSTEmP 
(calculate  enow/toil  thermal 
profile.  melt,  etc.) 

/it^= 

s'  CALL  TUNPIC 
"((display  output  thermal  profile) 


Table  2.  Parameter!  for  Fairbanka  model. 


Factor  to  change  snowfall  to  simulate  fencing,  drifting  or 
removal 

Surface  albedo  of  exposed  soil  or  asphalt  surface 

Surface  wetness  to  simulate  the  effects  of  drainage  etc. 

Pavement  emplacement  to  simulate  the  construction  of  a 
road 

Aerodynamic  roughness  to  simulate  the  effects  of  air  flow 

Radiation  penetration  factor  - fraction  of  incoming  solar 
radiation  incident  on  forest  floor  which  forms  a product 
with  daily  total  solar  radiation 


This  model  is  forced  by  a time  series  of  spline,  inter- 
polated, mean  monthly  weather  conditions  for  Fair- 
banks, Alaska,  to  simulate  the  environment  along  the 
Chena  River  floodplain  and  terraces  where  a flood 
control  project  is  under  construction  by  the  Corps  of 
Engineers.  Surface  modification  effects  on  ground- 
water  and  permafrost  conditions  are  a source  of  con- 
cern in  this  region  of  discontinuous  permafrost.  The 
model  operation  can  be  visualized  as  an  input-output 
system  forced  on  a daily  basis  by  the  smooth,  splined 
weather  variables  (incoming  solar  radiation,  cloud 
cover,  air  temperature-humidity,  wind  speed  and 
snowfall).  These  are  conditioned  by  submodels  of 
the  surface  energy  transfer  regime,  snow  accumula- 
tion, ablation  and  substrate  thermal  evolution  with 
freeze-thaw  of  soil  water.  The  parameters  for  con- 
ditioning the  submodels  are  listed  in  Table  2.  The 
operation  of  the  model  is  diagrammed  in  Figure  3. 

The  model  output  includes  daily  surface  energy 
transfer  component  sums,  the  thermal  structure  of 


Table  3.  Fairbanks  model  decade  run 
characteristics. 


Dark  Asphalt  in  Subgrade  Meadow.  In  this  and  all  other 
runs  a cleared  site  is  considered.  The  surface  was  simu- 
lated as  dry  with  winter  snow  removal  and  a meter  of 
asphalt  and  subgrade.  The  dark  surface  had  a solar  al- 
bedo of  1 7%. 

Light  Asphalt  in  Open  Clearing.  Same  as  dark  asphalt 
with  surface  albedo  increased  to  49%. 

Open  Clearing  f Wet ) Meadow  (A lass  Type)  Natural  Con- 
dition. The  simulation  of  an  open  clearing  with  undis- 
turbed vegetation  and  soil  and  100%  radiation  reaching 
surface.  Albedo  17%  with  a fully  wet  surface  (surface 
relative  humidity  100%  or  1.00).  Maximum  snow  depth 
was  52  cm. 

Open  (Dry).. .Mod  I.  Same  as  previous  case  but  the  sur- 
face relative  humidity  was  set  to  0%  to  simulate  drain- 
age of  soil  evaporation  control  with  thin  polyethylene 
or  similar  materials. 

Open  f Snow  Removal)... Mod  2.  The  same  as  the  clear- 
ing wet  case  except  that  winter  snow  removal  was  sim- 
ulated. 

Open  Clearing  f Snow  Fence).. .Mod  3.  The  same  as  the 
wet  clearing  case  except  that  maximum  show  depth  was 
increased  to  4.24  meters  simulating  a snow  augmenta- 
tion depth  sufficient  to  produce  a permanent  snowfield 
in  simulation  of  the  Barrow  environment. 

Bare  soil. 

Under  Closed  Canopy  Mature  Spruce  Forest.  Only  40% 
of  the  available  solar  radiation  was  considered  to  pene- 
trate to  the  forest  floor.  The  site  was  considered  fully 
wet  with  a surface  albedo  of  17%.  The  maximum  win- 
ter snow  depth  was  S3  cm. 
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Figure  4.  Maximum  substrate  temperatures  during  tenth-year  simulation  under  various  surfaces. 


Table  4.  Model  response. 


Run 

Bottom  of 
permafrost 
(m) 

Max.  active 
layer  depth 

(m) 

Dates  of  freeze 
i <*id  thaw  f 
Thaw  Freeze 

1 Under  mature 

5.3 

0.93 

15  May 

28  Sep 

spruce  forest 

2 Dark  asphalt 

4.0 

1.78 

13  Apr 

9 Oct 

3 Light  asphalt 

4.5 

1.61 

17  Apr 

6 Oct 

4 Open  clearing 

4.5 

1.11 

12  May 

3 Oct 

(wet) 

5 Open  clearing 

3.3 

1.53 

12  May 

4 Oct 

(dry) 

6 Open  clearing 

5.5 

1.12 

20  Apr 

3 Oct 

(snow  removal) 

7 Open  clearing 

No  permafrost; 

4 Jun 

3 Oct 

(snow  fence) 

developed ; sea- 

sonal  frost  re- 
moved 


the  snow  and  soil,  and  snow  depth.  In  the  runs  dis- 
cussed here  the  aerodynamic  roughness  length  was 
fixed  at  25  cm  and  the  model  was  run  for  a period  of 
ten  years  with  an  initial  soil  temperature  of  +0.5°C. 
This  surface  temperature  was  selected  to  see  whether 
permafrost  would  become  established  at  the  simulated 
sites.  The  thermal  properties  of  the  pavement  com- 
plex and  silt  soil  are  those  reported  by  Berg  (1975): 
the  thermal  radiation  from  the  sky  hemisphere  was 
estimated  as  in  the  Barrow  model  and  thermal  radia- 
tion from  the  forest  canopy  followed  the  scheme  of 
Ng  and  Miller  (1975). 

The  characteristics  of  the  Fairbanks  Decade  Run 
Sites  are  listed  in  Table  3.  These  decade  runs  pro- 
duced the  results  which  are  abstracted  in  Table  4. 

The  details  of  the  surface  and  substrate  thermal  re- 
gime during  the  tenth  year  are  abstracted  in  Table  5. 


Table  5.  Extremes  of  annual  temperatures  at 
soil  or  aaphalt  surface. 

Temperature  C C) 

Run  Annual  max  Annual  min 


1 Under  mature  spruce  forest 

2 Dark  aaphalt 

3 Light  aaphalt 

4 Open  clearing  (wet) 

5 Open  clearing  (dry) 

6 Open  clearing  (snow  removal) 

7 Open  clearing  (snow  fence) 


1 1.0  (7.35) 

19.7  (7.02) 

17.2  (7.12) 

13.8  (7.12) 

20.2  (6.99) 
13.8  (7.12) 
13.8(7.22) 


-20.5  (1.60) 
-25.0  (1.53) 
-25.0(1.53) 
-21.2  (1.53) 
-21.0  (1.37) 
-26.3  (1.50) 
-6.9  (2.39) 


( ) month  in  hundredths. 


INTERPRETATION  OF  SIMULATIONS 

Taking  a rather  conservative  view  of  the  simulations 
it  is  obvious  that  large  perturbations  of  both  the  near- 
surface thermal  regime  and  the  permafrost  condition 
can  be  produced  by  several  effects  which  are  standard 
in  the  preparation  of  terrain  for  town,  roadway  and 
airport  construction.  In  Figure  4 the  profiles  of  maxi- 
mum substrate  temperatures  are  compared.  It  would 
appear  that  the  removal  of  natural  snow  cover  is  not 
an  effective  way  to  develop  permafrost  although  snow 


fencing  appears  to  be  a potent  itrategy  for  its  degrada- 
tion. Although  permafrost  aggraded  beneath  both  the 
forest  and  open  clearings  it  should  be  noted  that  clear- 
ing of  the  forest  produces  an  increase  in  active  layer 
depth  which  is  accelerated  if  the  surface  is  dried  by 
draining,  stripping  etc.  As  reported  in  the  literature, 
cooling  at  depth  occurs  under  light  asphalt  (Berg  and 
Aitken.  1973).  The  thermal  effects  of  forest  clearing 
and  stripping  are  of  the  correct  sign  but  not  as  spec- 
tacular as  noted  for  a well-drained  site  by  Linell  (1973). 
The  simulations,  however,  represent  a wet,  low-lying 
ate  where  groundwater  and  permafrost  conditions  are 
of  concern  such  as  along  the  Chena  River.  It  is  appar- 
ent that  considerable  effort  should  be  expended  on 
preventing  large  snow  drifts  from  forming  around 
structures  where  permafrost  stabilization  is  desired. 

CONCLUSION 

A considerable  effort  should  be  expended  on  the 
production  of  the  type  of  sophisticated  soil  heat  and 
water  model  discussed.  This  model  in  conjunction 
with  a surface  energy  transfer  model  could  be  refined 
by  field  testing  to  simulate  extremely  complex  geo- 
logical. geographical,  and  environmental  conditions. 
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PA3PAB0TKA  PECyPCOB  H flPOBJlEMbl  EE  BJlHflHHfl 

ha  oKpywAio  my»o  cpEfly 

MHCJ1FHHOE  MOUFJl  H POBAH  HE  H3MEHEHHR 
nOACTHJIAIOlUEH  flOBF.PXHOCTM 

F.CTecrBeHHhie  m.im  HCKyccTBeHHwe  M3MCHCMHfl  Ten.iOBoro  pe- 
JKIIM.1  flOBt*p XHOCTHOI O C.IOfl  M HOTO-ieTHOM  MepJ.lOTbl  MnrVT  BIJ3N- 
B.lTb  ee  3poiMIO  H MH.IO  33M(*THble  M3MCHPM MH  M0p<J)0.10rHH  P33- 

.niMHbie  npouecrw.  KoTopbie  ofiyc.ioB-iHBaKu  noMHJKOMHe  TPMnrpa- 
TVpu  3<*mhoA  noBepxHot  rn,  npHBO.iHT  k ofipaioBaHHio  MHOro.ier- 
Men  Mep.3J10T!4.  ;•  (jblKTOphl.  KOTOpNt*  CMOCOfiCTByiOT  MOBbliUeHUK) 
ti  Mnpparypw  3cmhom  noBepxHOCTH  BUJUBatoT  npoTaHBamie  mho- 
rO.HTHfH  Mep j.3()TU  Mo.le.lHpOBaHlie  3TM X npOlU’CCOB  C nOMOUU.K) 
KOMnbioTepa  h noc.ie.iyiomHe  aHa.mibi  noTOKon  Ten;ia  Hcno«ib3y- 
* TCH  -1H  onpeae.ieHMH  KpaTKonpcMenH  u x h .lo.ironepHOAHbix  113- 
MeHCHHM  MHOrO.IPTHeH  Mep3.10Tbl. 

B TeweHHe  HacTOHmero  >iecHTH.ieTHH  Toopun  nepe.iaqn  Ten.io- 
BOM  »uepr»iH  Ha  3t*MHVK>  noBepxHocTb  h Ten.ioBHe  npoueccbi,  npo- 
HCXO.IHlUMe  BHVTpH  Hee  6hl.1H  H3VHeHbl  AO  T a KOH  cTeneHH,  HTO 
oa.io  BO  1MOWHMM  MO.ie.lHpOBaHMe  C MOMOMlbK)  KOMnbtOTepa  9BO- 
.ik>uhh  TPn.ia  Ha  rpaHHiie  noBepxnocTH  — b no/uioqBe.  Ten.ioBofi 
pe>Kt!M  3CMHOH  riOBt*pXHOCTH  3aBHCHT  OT  MeCTHOPO  ppWHMa  riOrO.lbl 
H CBOHCTB  nOBPpxHOCTHOrO  CAOH  H WUnOMBU.  Heo6xOAMM  bIMH  MP- 
TPOpo.lOrMHeCKHM H CBC,ieH  MH  MH  A.1H  *TMX  MOAC.leH  HB.1HIOTCH  A3H- 
HblP  O CO.lHPMHOfi  pa.IMaUHH.  OC.iaMHOCTH.  TPMriPpaTypbl  B03.1\xa, 
B.iajKHOCTH.  CKOpOCTH  BPTpa  H aTMOCfpCpHOM  ,’13  B.IPHHH.  Heo6XO- 
AitMan  reorpatJniqecKaH  nm^opMaitHH  BK.iioqaeT  a.ib6e/u)  3pm.im. 
J *pOAMHa  M HM«*CK  MH  K0  9(J)(J>|IUHeHT  LUepOXOB.'tTOCTM . K03<t)(f)HUHeHT 
VB.la/KHfllHH  IlOBPpXHOCTH  H Ten.lOBbie  XdpBKTPpHCTHKH  riOAnOMBbl 
B 60JIVC  HOHNX  VOAf.lHX  yqHTblHaKmH  Ta K>KP  H3 MPHPHHH  KO.IHMP- 
OBd  HO.lhJ  H TPIl.ia  B MOM  BP  H IipoUCCCU  33  MCp3<)  HUH  H TaHIIHH. 

B TeqCHHP  HPlKO.IbKHX  .leT  npilMPHH.IHCb  H ApyrHC  MO.le.1H, 
B KOTO p bl X Hrri0.lb30Ba.3HCb  ABHIfbie  0 CHPrOHaKOn.lPHHH  h Tamiini. 
B mux  naccMarpMBa.imb  Taxwe  cpejiHccyTOMHbie  MCTeoABHHNe 
[(.-  II  Ayiwa.iT  m Ap  . )975)  B 9T.<x  moap.;hx  ripUMPUHeTCH  ja- 
KUH  COXpaHPHHB  flOBep  XHOCTHOA  IHepTHH.  B KOTOpOM  CyMMapHOH 
oct  a tom  Ha  h pa.ina  hhh  (Rn)  noTOK  nptiMoA  cc/.KipquoA  pa.inaiiHti 
(A*.  noTOK  a kthbuot o Tpn.ia  H h noTOK  ckpi>itoto  Ton.ia  E no 
HanpaB.iv)»viH>  k nonepxHOcTH  aoahkhw  paBHHTbca  ny.iio: 

Rn  fS  { H+LE^O.  (!) 


ypttBHf  HHe  (I)  MO  WHO  npPOflpa  JOBdTb  B BHpflJKeHMC  (2).  H.1H 
.loOaBHTb  A8HH«e  o reorpa^HMecKoft  0 h MfreopOAorH«icciu>ft  W 
HHlfcopMaUHH.  a TBKWf  O TeMflfpiTyp*  3PM HO*  nOBepXMOCTH  T: 

(ir,  a.  r)+S(0,  r)+H(W,  o.  r)+Le(V,  o.  rj-o.  (2) 

EcJIH  HI«eCTH8  BC8  M*Tf0p0J10rMM«CK«8  H r«Orpil>H’(tCKt«  HU- 
<}>OpMaUHH.  TO  ypaBHPHHf  2 HBAHfTCH  HP^HHCAHWM  TpaHClX«ACHT- 
nbJM  ypaaHPHHeM  TCMnepaTvpw  spmhoA  noiepXHocTH,  h coormercr 

ByioiUHe  HHtvieHHMe  a^ropHTMid  ncno^biyioTcB  JiJin  Haxomjunnn 
VKaaaHHnft  TeMnppaTypw.  IloAnoMBPHHwft  TenaoBoA  pewHM  mokro 

BHMHC.lHTb  C IlOMOlUblO  M HC^IPHHblX  peiUeHHA  riB paflOAHMf CKHX  flip- 
una.ibHbix  AH^^epeHUHa^bHUx  ypaBHeHHfi.  onHcw»iK)oiHx  *Boa»- 
UHio  no^eA  TeMnepaTypw  nonaw  h coAepwaHMH  boaw.  TaKHM  06- 
paioM,  sboaiouhh  TeMnepaTypw  noMBW  T h KaKOM-To  mpctp  Mower 
CuTb  BbjpaweHa  Kan  4>yHKUHB  BpeMeHH  /.  rmyOHMu  z h 
uweHTa  TepMimecKoA  npoBo.iHMocTM: 

oT /()  = a a2 Tjefz2.  (3) 

nPH  nponeccax  laMepiaHHH — rannHa  c<iejyeT  OTMeTMTb. 

HTO  K03(J>(J)HHHPHT  TCpMHWeCKOH  flpOBOJHMOCTH  CaM  BB.lBf  TCB 
4>yHKUHeA  TCMncpaTypu,  tbkhm  ofipa  iom,  ypaniiCHHc  3 CTawoiiHTcH 
He.iHHeHHWM  3toio  mo  who  HifiewaTb  nyTPM  HBeieMMB  cooTBeict 
Byiotuero  K09(|)(J>nuncMTa  TepMimecKoA  npoBo.iwMocTH  npw  k aw, iom 
pemeHHH  ypdBMCIIHH,  T C (tpCBpaTHTb  ypaBMfHMe  3 B .IHHeAHOe 

O.iHOMepHue  mo. ic.iii  vtoio  TMna  Hcno.ib3yioTCH: 

1 | A.1H  OnpOACMeilHH  Be.lHMHHU  CyTOMHOrO  oGpaiOBBHHH  lb.ia 
Ha  3PMH0H  noBepxHOCTH; 

2)  .i.i h H3yqeHHH  b.ihhhiih  to.iobux  Ten.ioBMx  penoiMOB  cnera 
na  noMBbi  b Bappoy  (A.iHCKa).  mto  Heo6xo,i»iMo  ju\ h nonuTKH 
y.iywmnTb  ropoacKoe  Bo.iocna^weHHe  3a  cmc*t  cweroHaKonn  hvim. 

3)  ,i.i h Hcc.iejoBa hub  lUMenenMH  Ko.inqecTBa  chcwhux  Ha- 

hocob; 

4 i ,i.i h HiyqeHHH  noc.ie.icTBiiA  yHHqioweHHB  .ieca.  jpenawa  h 
ofipaftoTKii  noBepxHOCTH  b O^pCeiiKce  b TeqeHHe  HecKo.it.KMx  .it* 
CflTH.IPTHM. 

Mo.ie.inpoBaHHe  yBe.mqeHHH  bn  cot  u cnera  ao  2,7  m a.ih  Bap- 
poy .lOKaja.io.  qTO  chpwhuh  noKpop  fty.ieT  coxpaHHTbCH  b yKa- 
3a h mom  paAoHe  .io  Komia  hioah  '■♦th  pacMemue  .laHHbie  xopoiuo 
cor.iacoBa.iHCb  c pe3y.ibTaTaMH  na6;iio.ieHnM  BwcoTa  cHera  Bbitue 
4.2  M npHBO.lHT  K nOCTOHHHOM \ ( Her(iHdKOn.leMHK)  MoAe.IMpOBa- 
HHe  naqa.ia  paHHero  t.*hhmh  CHera  b r\<  to  Hare.ieHnux  apKTHqe- 
ckhx  panonax  riOKaia.io,  qTo  Haqa.io  paHHero  Tan  hub  CHera  iaRH- 
ciit  b 6o.ibHJeA  cTeneHH  ot  \ MeHbiueHitK  ae.iHMMHW  a.ibCeio,  qeM 
ot  yBe.iHqeilHH  a^po.iHHaMHqecKoro  ko->4»4’mhmiht.i  luepoxonaTO- 
CTH.  Pe3y.1bT3T  N <THX  It  .IpytHX  MO.ie.ltipOBaHH  A M I'OBpeMrHHbie 
Tt‘H.iennmi  b *tom  HanpaB.icMMM  fty.ivT  no.ipo6no  oftcv w.i.iTbi  b m 
33T6M  Oy.lPT  l tH  06’JOp  Texnn'n  * KOH  .1  MTrpaTV  pbl  no  ( Tp;  KT\ [-3M 
yK33anHbix  M0.ie.ieA 
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RESOURCE  DEVELOPMENT  AND  RELATED 
ENVIRONMENTAL  PROBLEMS  IN  ARCTIC  ALASKA 
Highway  Planning  and  Problems 

Walter  B.  Parker* 


Highway  construction  in  northern  and  central 
Alaska  must  use  several  different  techniques  to  solve 
the  problems  encountered  across  the  major  physio- 
graphic regions.  Experience  with  recent  oil  and  gas 
development  thus  far  has  shown  that  permanent  all- 
weather  roads  are  a necessary  adjunct  of  development 
wells,  installing  gathering  lines,  and  providing  the 
necessary  pipelines  to  the  nearest  market  or  deep  water 
port.  Such  roads  are  probably  going  to  be  necessary 
until  the  major  logistical  requirements  of  the  mineral, 
oil,  and  gas  provinces  are  met.  Thus,  roads  will  be 
necessary  in  relatively  unpopulated  areas  and  may  be 
of  limited  further  use  once  the  mineral  resources  of  a 
particular  province  are  exhausted.  In  order  to  keep 
tlie  development  costs  of  Arctic  resources  within  rea- 
sonable bounds,  it  is  necessary  that  these  develop- 
mental roads  be  constructed  at  minimum  expense 
while  maintaining  a high  degree  of  protection  to  the 
environments  they  encounter. 

For  the  purposes  of  the  road  builder,  northern  and 
central  Alaska  can  be  divided  into  four  major  regions, 
namely,  wet  tundra  which  encompasses  the  Arctic 
coastal  plain  and  other  lowlands  throughout  the  rc- 
gon;  dry  tundra  which  covers  the  foothills  of  the 
Brooks  Range  and  other  alpine  areas  throughout  the 
state;  wet  taiga  which  is  characterized  by  a predomi- 
nance of  black  spruce  and  is  found  in  poorly  drained 
areas,  north  slopes,  and  low-lying  areas  witnin  interior 
Alaska  and  is  generally  underlain  by  permafrost;  and, 
dry  taiga  which  is  forested  by  mixed  deciduous  and 
coniferous  species  and  generally  occupies  the  well 
drained  soils  and  south  slopes  of  interior  Alaska. 

Different  permafrost  regimes  are  encountered  in 
each  of  the  above  regions.  Generally  the  farther  south 
one  proceeds,  the  warmer  are  the  permafrost  tempera- 
tures and  the  permafrost  becomes  discontinuous  and 
sporadic  in  nature.  Unstable  frozen  soil  conditions 
can  be  encountered  in  all  of  the  above  regions,  and 
determining  their  specific  locations  is  a difficult  task 
even  for  engineers  and  geologists  with  years  of  experi- 


ence in  building  roads  on  permafrost.  Realizing  this, 
a 'te  soil  log?  have  been  maintained  on  most  Alaskan 
roads  re r a long  period  of  time.  Interpretation  of  this 
information  and  that  gained  from  construction  of  the 
Trans- Alaska  oil  pipeline  and  its  accompanying  road 
system  will  hopefully  expand  our  ability  to  locate  per- 
mafrost without  extensive  and  costly  boring  programs. 
There  is  now  being  developed,  new  technology  to  lo- 
cate permafrost  using  air  photos  and  seismic  techniques. 
Nevertheless,  it  is  the  areas  of  warm  and  discontinuous 
permafrost  that  present  the  greatest  problems  and  that 
are  least  susceptible  to  engineering  solutions  which  are 
adequate  for  the  areas  of  cold  contir  ous  pemiafrost. 

Road  building  in  the  wet  tundra  requires  large 
amounts  of  gravel  which  can  be  reduced  if  special  in- 
sulation techniques  are  used.  In  the  Arctic  lowlands, 
the  most  desirable  and  environmentally  acceptable 
major  sources  of  gravel  are  in  the  floodplains  of  major 
rivers,  and  to  less  extent,  from  beaches  and  barner  is- 
lands along  the  coast.  Any  road  built  away  from  these 
sources  is  extremely  expensive  as  gravel  hauls  of  over 
ten  miles  are  often  necessary. 

Recently  there  has  been  considerable  experience 
utilizing  expanded  polystyrene  and  other  insulations 
to  replace  gravel.  These  roads  have  not  been  in  place 
long  enough  to  assess  their  ability  to  withstand  con- 
tinued, heavy  traffic.  However,  first  indications  are 
that  if  the  insulated  area  is  carefully  bedded  over 
gravel  that  is  screened  to  insure  that  rocks  large  enough 
to  break  the  insulation  boards  are  not  present  and  if 
gravel  of  the  same  quality  is  used  for  the  covering 
layer,  this  solution  offers  much  promise. 

Whether  using  gravel  as  an  insulator  or  a combina- 
tion of  gravel  and  insulation,  the  old  adage  that  the 
tundra  mat  must  not  be  broken  in  tundra  areas  under- 
lain by  permafrost  still  holds  true.  Experiences  thus 
far  in  burying  utilities  adjacent  to  roads  built  on  top 
of  the  tundra  have  not  been  proven  successful.  Ex- 
treme care  must  be  exercised  to  insure  that  the  ther- 
mal regime  of  the  road  prism  and  its  underlying 
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permafrost  is  not  threatened  by  an  adverse  thermal 
condition  induced  by  adjacent  construction  activities. 
Titus,  the  concept  of  utilizing  common  corridors  for 
roads,  pipel.nes,  and  other  utilities  must  be  approached 
with  care  and  the  thermal  regime  of  each  structure  re- 
spected. Attempting  to  minimize  environmental  carn- 
age by  restricting  several  projects  to  a common  corri- 
dor can  result  in  a failure  of  all  projects  concerned.  If 
pipelines  and  other  structures  in  permafrost  areas  are 
e.evated  instead  of  being  buried,  it  is  much  easier  to 
confine  them  to  common  corridors  along  with  roads. 

Experience  thus  far  with  roads  built  in  the  Arctic- 
lowlands  indicates  that  there  are  no  special  hydrologi- 
cal problems  if  special  consideration  is  given  to  sheet 
drainage  and  potential  icing  (nalyed)  formation. 
Ponding  can  quickly  affect  the  thermal  regime  of  the 
road  adversely  and  extra  culverts  or  french  drains  must 
be  utilized  in  many  areas.  The  diffused  drainage  pat- 
terns of  the  lowlands  can  make  it  difficult  to  predict 
where  ponding  will  occur  unless  special  care  is  exer- 
cised. Also,  nalyeds  are  very  capricious  in  nature  and 
are  not  predictable.  Areas  where  they  occur  should 
be  avoided  but  in  areas  where  little  historic  observance 
is  present  this  may  not  be  possible. 

Areas  of  dry  tundra  along  the  northern  foothills  of 
the  Brooks  Range  have  proven  to  be  deficient  in  gravel 
sources.  River  gravel  deposits  are  less  abundant  and 
the  upland  material  sites  have  proven  to  contain  gen- 
erally poor  material.  It  is  quite  difficult  to  maintain 
erosion  control  in  these  materials.  Examples  of  this 
occur  along  the  Alaska  oil  pipeline  in  the  Toolik  area 
and  or  top  of  the  Sagwon  bluffs.  The  thaw  zone 
above  pemiafrost  is  less  stable  than  in  the  lowland 
areas  and  there  is  frequently  no  continuous  tundra 
mat  to  overlay  but  only  wind-deposited  silts  in  the 
valley  bottoms  and  on  lower  slopes. 

Drainage  patterns  are,  of  course,  better  defined  in 
the  foothills  and  proper  location  of  drainage  structures 
is  more  effectively  established  than  in  the  Arctic  low- 
lands. However,  little  baseline  data  on  stream  hydrol- 
ogy exists  in  these  remote  areas.  Road  protection  is 
necessary  at  stream  crossings.  Armonng  the  roadbed, 
installation  of  groins  or  dikes  is  extremely  difficult  due 
to  the  lack  of  competent  rock  for  riprap  in  Arctic 
Alaska.  Design  of  stream  protection  structures  has 
proven  to  be  one  of  the  major  problems  of  construc- 
tion in  remote  areas.  Snowfall  is.  in  the  mountains,  of 
course,  much  greater  than  in  the  lowlands  and  spring 
floods  and  washouts  commonly  occur. 

Solifluction  is  common  on  the  slopes  of  the  Brooks 
Range  and  other  mountainous  areas  of  intenor  Alaska. 

In  many  cases  this  makes  it  necessary  to  establish  roads 
on  stream  terraces  and  valley  bottoms  rather  than  on 


the  hillsides.  One  of  the  most  difficult  engineering 
problems  occurs  when  it  is  necessary  to  traverse  a soli- 
fluction slope  and  no  alternate  route  is  pissible. 

In  making  transitions  from  hillsides  and  stream  ter- 
races to  river  bottoms,  it  is  often  necessary  to  make  cuts 
in  ice-rich  soils.  These  present  significant  engineering 
and  environmental  problems,  especially  in  those  areas 
where  the  tundra-organic  mat  is  thin  or  nonexistent. 
Where  there  is  a thick  tundra  cover  or  forest  mat,  it 
has  been  the  practice  for  many  years  to  make  nearly 
vertical  cuts  and  to  use  the  existing  tundra  mat  to  in- 
sulate the  permafrost.  Rapid  headward  thermal  erosion 
occurs  at  the  cut  face  and  the  organic  mat  falls  over  the 
cut  face  thus  protecting  the  pemiafrost  from  further 
rapid  thaw.  When  this  technique  cannot  be  used,  insu- 
lation must  be  provided  either  by  rapid  utilization  of 
large  amounts  of  gravel  or  other  insulating  material. 
Another  problem  in  foothill  areas,  both  in  tundra  and 
taiga,  occurs  where  sheet  drainage  on  relatively  steep 
slopes  is  converted  to  channel  drainage,  or,  if  the  chan- 
nel cannot  be  controlled,  the  net  result  is  rapid  hydraulic- 
erosion  into  the  pemiafrost  layer.  When  the  channel  en- 
counters a sudden  change  in  topography,  rapid  headward 
erosion  can  occur.  This  most  commonly  occurs  when  the 
road  is  built  along  a riverbank  with  a relatively  steep 
slope  on  the  other  side.  Unless  one  is  prepared  to  handle 
the  drainage  and  erosion  problems,  these  situations  should 
be  avoided  at  all  costs  to  protect  other  resources  such  as 
fish. 

The  control  of  nalyeds  where  roads  are  on  sidehill 
slopes  or  in  the  valley  bottoms  is  a continuing  problem. 
This  problem  changes  from  year  to  year  since  nalyeds 
can  be  a major  problem  in  one  year  and  be  scarcely  pre- 
sent the  next.  Culverts  fill  with  ice,  thus  requiring  ex- 
tensive spring  maintenance  to  insure  that  the  road  will 
not  wash  out.  When  icings  cover  the  road,  the  ice  is 
simply  ripped  and  bladed  from  the  road  when  their  in- 
trusion cannot  be  prevented  by  special  techniques  or  by- 
raising  the  level  of  the  roadbed.  Satellite  photography 
is  presently  being  employed  as  a means  of  locating  areas 
of  large  nalyed  activity.  Such  areas  will  be  avoided 
whenever  possible,  but,  in  areas  where  little  previous 
hydrological  data  is  available,  it  is  often  difficult  or  im- 
possible to  tell  when  or  where  a nalyed  will  occur. 

If  is  the  practice  now  in  wet  and  dry  taiga  to  hold 
clearing  widths  to  an  absolute  minimum  with  normally 
only  one  and  one-half  feel  (0.5  meters ) being  allowed 
for  cleanng  beyond  the  toe  of  the  slope  of  the  road. 

This  provides  a much  more  scenic  road,  eliminates  a 
good  many  erosion  problems,  and  provides  more  pro- 
tection from  snow  drif  ting.  Loss  of  sight  distance  for 
traffic  can  be  eliminated  by  road  design  which  eliminates 
sharp  curves  and  excessive  grade  changes  wherever  possible. 
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The  large  number  of  material  and  spoil  disposal  sites 
raise  environmental  problems  in  many  regions.  There 
are  very  few  cases  where  a balanced  roadbed  can  be 
constructed  of  in  situ  materials.  Replacement  of  gravel 
with  insulations  has  an  environmental  benefit  and  eco- 
nomic impact.  It  is  preferable  to  apply  spoil  along  the 
road  right-of-way  unless  it  will  affect  the  integrity  of 
the  road.  Scattered  spoil  disposal  sites  normally  re- 
quire access  to  them,  thus  increasing  the  use  of  gravel. 
These  locations  should  be  avoided  whenever  possible. 

Thus  far,  roads  built  with  good  materials  in  the 
Arctic  have  not  shown  intensive  signs  of  degradation 
from  weathering  beyond  that  encountered  in  most 
and  regions.  However,  roads  constructed  with  a high 
percentage  of  fines  suffer  from  water  and  wind  erosion 
and  frost  action.  This  has  been  observed  among  some 
of  the  original  roads  at  Prudhoe  Bay.  If  a road  is  to  be 
utilized  over  a long  period,  the  costs  of  surface  stabil- 
ization, either  by  paving  or  other  agents,  should  be 
considered  in  order  to  minimize  the  loss  of  the  speci- 
fied amount  of  fines  through  either  wind  or  mechanical 
erosion,  or  freeze-thaw  degradation.  The  use  of 
paved  surfaces  in  Arctic  regions  is  undergoing  recvalu- 
ation  as  a result  of  the  above  experiences.  If  heavy 
equipment  is  allowed  on  the  roads  it  is  necessary  to 
use  thicker  asphalt  layers  than  in  the  past  when  a 1V4- 
in.  (3.5-cm^interim  layer  was  utilized.  These  surfaces 
were  expected  to  last  ten  years  but  they  will  not  stand’ 
up  to  continued  use  by  heavy  equipment.  Present 
axle  load  limits  in  Alaska  are  84,000  lb.  These  are 
lowered  dunng  the  spring  when  the  roadbed  is  soft. 
However,  it  has  been  found  that  continuous  heavy 
traffic,  even  at  these  limits,  has  a deteriorating  effect 
upon  the  road  surface.  Thicker  asphalt  layers  may  be 
a partial  answer  but  the  expense  of  replacing  them  is 
resulting  in  a continual  search  for  new  alternatives  in 
surface  stabilization. 

Reevaluation  of  all  paved  pninary  highways  is  un- 
derway due  to  the  great  increase  in  truck  traffic  re- 
sulting from  pipeline  and  other  resource  extraction 
activities.  Since  higher  quality  base  and  subgrade  mate- 
rials are  difficult  to  find  in  situ  methods  must  be  devel- 
oped to  make  high  quality  roads  from  substandard 
matcnals  unless  the  enormous  hauling  costs  for  bring- 
ing in  more  suitable  materials  from  distant  sites  can  be 
tolerated.  It  is  obvious  from  the  experience  of  the 
Prudhoe  oil  field  and  its  associated  pipeline  systems 
that  an  all-weather  road  from  an  ice-free  port  is  neces- 
sary for  development  over  the  long  term.  Air  support 
will  suffice  dunng  the  exploratory  phase  but  tonnages 
required  for  development  arc  difficult  to  move  prop- 
erly by  air,  especially  lor  construction  of  pipeline  facili- 
ties. Winter  roads  have  not  proven  to  be  a satisfactory 


expediency  due  to  their  limited  season.  The  lack  of 
good  port  sites  and  heavy  sea  ice  along  the  shallow 
waters  of  the  Arctic  Alaska  coast  hinders  development 
of  marine  transportation  and  is  the  major  inhibiting 
factor  in  utilizing  deep-draft  vessels. 

Due  to  the  above  factors,  it  appears  that  if  Arctic 
oil,  gas,  and  other  mineral  development  is  to  proceed, 
road  investments  should  be  made  based  upon  the  term 
of  utilization.  If  it  appears  that  a development  will  be 
only  a five-year  term,  then  the  road  should  be  con- 
structed to  standards  such  that  major  ceconstructi on 
would  be required after  five  years  if  future  utilization 
is  then  required.  By  constructing  roads  to  the  term  of 
development,  the  use  of  gravels  and  other  expensive 
materials  will  be  minimized  and  it  will  not  be  necessary 
to  leave  expensive  investments  in  roads  and  other  trans- 
portation infrastructure  with  an  unutilized  life  after 
the  resource  development  period  is  ended. 

In  summation,  cuts  in  ice-rich  soils,  especially  on 
sidehills  and  the  lips  of  stream  terraces  are  to  be  avoided 
whenever  possible.  Road  alignment  should  be  modified 
to  avoid  these  cuts  unless  the  long-term  costs  of  very 
expensive  rehabilitation  and  repair  will  be  met  by  the 
road  builder.  Areas  of  nalyed  occurrence  and  solifluc- 
tion  should  be  avoided  which  often  means  the  utiliza- 
tion of  the  margins  of  the  river  floodplains  for  road 
construction.  This  has  the  advantage  that  normally 
the  best  gravel  sites  are  located  in  the  floodplains  and 
it  is  also  this  type  of  site  which  is  most  easily  rehabili- 
tated. Where  floodplain  margins  and  stream  terraces 
cannot  be  utilized,  it  is  preferable  to  utilize  the  top  of 
ridges  in  order  to  minimize  cuts  in  ice-rich  soils. 
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(CUiA.  Amyno.  Ajmcki) 


PA3PABOTKA  nPHPOAMbIX  PECyPCOB 
H CBfl3ANHblE  C HER  fl  POBJlEMbl  OXPAHbl 
OKPVWAIOmER  C PEA  hi.—-  B03AERCTBHE 
UlOCCERHbIX  AOPOr 

TexHoaorna  npoK.ia.iKH  aopor  b cfRepHoA  m ncHTpaat.HoA  Aaa- 
ckp  pa.i.iHMHa  a pajHMx  paAoHax.  bo  saawHoA  TyH.ipe  ApKTime 
CKOft  npM6p»‘)KH0A  paBHHMbl  H.1M  HMlMeHMOCTIl;  B CyxoA  TyH.ipe 
no.iwo)Kbn  XpeOTa  bpyhca  h aatmiAcKoA  odaaCTii  bo  BceM  ujTaTe; 
Bo  B.iaNCHoA  TaAre.  r.ie  .iomhhhpnkhuhm  bii.iom  hb.ihotch  nepnan 
cab.  b cyxoA  TaAre.  r.ie  npeo6aaaaiOT  cMeuiaHHwe  11  x bo  Ah  we 
BH1U  .lepeBbCB 

B Kam.lOM  H3  *T  II X paftOHOB  CBOft  peMIIM  BCMHOH  Mep3.10TW. 
Ho  Mope  npo'.BHHveiiHH  Ha  Kir  TevnepaTypa  bcmhoA  Mepj.ioTu  no- 
Bumat-TCH  ii  CTaHOBiiTCH  6o.iee  npephiBHCTOH  (npepbiBHCTaa  30Ha 
BeMHOH  Mepi.lOTbl). 

Ctpoine.ibCTBo  b \ c.iobiih x B.iaiKHOH  TyH.ipw  Tpe6yeT  6o.lb- 
moro  Ko.nmecTBa  rpaBiia.  ec.m  ne  Hcnoab3yiOTCfl  H30.iHUH0Hiiwe 
vimpna.iw  B apKTimecKiix  .lo.iHHax  ivkibhuA  hctomhhk  rpaBHH — 
pin  ; H no6epe)Kbe  ilovrovy  .iKiftan  .lopora,  nocTpoeHHan  b cto- 
pone  OT  *TII \ HCTOMHIIKOB.  OfiXOAHTCH  OMeHb  .lOporO.  OllWT  CTpOH- 
Te.ibcTBa  ;iopor  b apKTimecKHx  Hiiatmax  cBHAeTeabCTBveT  06  ot- 
4 yTv  TBiiH  riupo.ioi  imecKiix  npoC.ieM.  ec.m  aoawHoe  BHiiMamie 
y.ir.iHcTcn  .ipcii.uKY  HcKyccTBewHoe  3anpy>KiiBaHHe  c.ie.iyeT  1136c- 
laTh.  T3K  K.IK  OHO  Hefi.iai'OlipilHTHO  CKaiWBOCTCH  II a TepMHMeCKOH 
yCTO AM H BOOT H R'MHOH  Mep3.10TU. 

O'Kiib  m a. io  rpaBHH  n cyxofi  TyH.ipe  y ceBepwwx  noanoHoiA. 
O ih.iko  jpeiiaiKiiMe  Tpy6w  .lerne  ycTanoBiiTb  y no.iiio/KiiiV  mom 
h iin.mii.ix  Co.ii'4'-ih)kuiih  iia  MHorux  ck.ioh.ix  ae.iaer  Heo6xo;m- 
moA  npoK.iajKy  aopor  b aoamiax.  a He  Ha  CK.ioHax  xo.imob.  He- 
o6xojhmo  ae.iaTb  cpeiw  b noMBax.  6oraTwx  ab.ioM.  mo  nopom- 
,iaeT  cepbeiHhit  npo6.ieMU.  ocoOeHHO  TaM.  rae  opramiMecKiiA  c.ioh 
B TVH.ipe  TOHKIIH  II.1H  OTCVTCTByeT  TaK,  r.ie  3T0T  c.ioA  to.ictwA  h 
r iex  MecTax.  rae  pacTeT  .iec.  mowho  nvTeM  npoBeaeiiHH  BepTH- 
Kd.lbHMX  CpeiOB  HUI0.lb30B.lTb  3T0T  C.ioA  .1.1H  H30.1HUHH  BCMHOA 
Mepi.ioTW  B MecTax  cpeaa  nponcxoaiiT  3po3HH.  opraHHMecKiiA 
c.ioA  naaaeT  h npeaoxpaHHei  BewHyio  Mep3aoTy  ot  aaabneAujero 
TaaiiHB 

K oHTpo.Tt  3a  ofi.ie.ieHPHMeM  Tav.  rae  aoporn  npoxo.iflT  11a 
6okohwx  CK.ioHax  xo-iMOB  M.iH  iia  a»c  .10.1  HH.  npeacTaB.incT 
cepbeuixKi  npo6.ie.My  Apena/KHue  Tpy6bi  nanoaHHioTrH  .ibaoM. 
>i  *ro  Tpe6yeT  6o.ibUiHX  iaTp.iT  Tpyaa  iiecnoA.  a.ih  npeaoxpane- 
hhh  aopoi  or  paiMWBaHHH  Ha  aoporax.  rae  He.ib3H  npeaoTBpa 
THTb  HOjHHKHOBemie  na.ie.iefi,  npoH3B0.iHT  cpe:*aHHe  MX  6v.lh.10- 
aepoM 


Bo  b.ihwhoA  m cyxoA  laAre  lUiipMHa  pBiMHiufHHWx  yMacTKOB 
ao.imHa  6wTb  MHHitMaabHoA  ToabKo  0.5  m aoaiKHW  6wTb  pacMM- 
iuchw.  HeKoiopwe  ynaciKH.  rae  bcmhhh  MepaaoTa  He  TaeT.  mo  who 
HcnoabiosaTb  KaK  hctomhhk  cTponTeabHWx  MaTepHaaoB,  ho  o6um- 
ho  Hcnoabiyerca  pacTanBrnnA  rpaBHfl 

yaaaeHHe  noMBU.  Tax  HaihiBaeMoro  OTBaaa  — 3T0  npo6aeMa  if  a 
bccx  yMacTKax.  >KeaaTe.ibHO  ocra B.mrb  otba.iw  na  noaoce  0TMy>K 
aeHHH.  b npoTHBHOM  cayMae  ohh  He6aaronpHHTiio  OTpaiHTCH  Ha 
coctohhhh  aopor  C tomkh  ipeHHH  oxpanw  oKpyjKaKmieA  cpeau 
r.iabiioA  npo6aeMoA  hb.ihctch  3HaMHTeabHoe  ko.ihmcctbo  yMacTKOB. 
KOTopoe  Tpe6yeTCB  aan  xpa hchh h CTpoHTe.ibHWx  MaTepna.ioB  h 
c6pooa  oTBaaoB  IlpoBoanTCH  iKcnepHMenTw  no  laMene  rpaBHH 
apyrHMH  H30.ihuhohhumh  Maiepna.ia m h mna  neHOCTHpo.ia 

ZIo  ciix  nop  aoporn.  nocTpoeHHbie  b ApKTHKe  H3  xopoiuHx  Ma- 
TepnaaoB,  lie  aerpaaiipoBa.iH  b CBH3H  c H3MCHeHHHMH  noro.ibi 
Aoporn  b paAoHe  3a.iHBa  Ilpyaxoy  pa3MWBaaHCb.  B HacTOHinee 
Bpl'MH  H3VMaK)TCH  B03M01KH0CTH  HCnoab30BaHHH  CTa6H.1H3Hpy  K1- 
iuhx  cptMCTB  Hcnoab30BaHiie  MomeiiLix  .lopor  b ApKTHKe  nepc- 
cMriTpHBaeicH  Ec.im  Ha  aoporax  6yaeT  TpancnopTHpoBaTbcfl 
TH/Ke.ioe  oOopyaoBanHe.  to  hoo6xo.ihmo  Mcno.ibuiBaTb  6o.ice  n.ioT 
MWe  c.ioh  aojiaabTa  (paHee  To.iumHa  6waa  3.5  cm),  ripe.inoaara- 
aocb.  MTO  CpOK  HX  HCIlO.lblOB.l HHH  C0CT.1BHT  10  aeT.  HO  Ha6.1IO.ie- 
hhh  nocae.iHHx  aeT  noKaia.m.  mto  oiih  He  Bw.iepiKHBaKiT  aaHTe.ib 
iioro  ncno.ibioBaHHH  npw  iKcnayaTauHH  TH>Keaoro  TpawcnopTa 
Ecan  aopora  He  h BaHeTcn  mouichoh.  to  ee  noBepxHorTb  cae.iyeT 
o6ll()BaHTb  aono.IbHO  MaCTO  HlVMaKVTCfl  HOBbie  C Ta6H.lH  iHpVKIIIlHe 
cpe.icTBa  aan  peuieHHH  3ToA  npo6aeMbi 

npoBo.iHTCH  oueHKa  Bcex  aopor  Ha  A.ihckc  mto  CBHiaiio  c aK- 
TiiBii3auHeH  /ibhikphhh  TpancnopTa.  BwiBannoro  npoBe.iennpM 
HecfiTenpoBo.ia  CTpoim-.ibHhie  MaTepHaaw  BhicoKoro  KaMecTBa  na 
MecTe  HaATH  Tpyaiio.  h no3TOM\  jo.dkhn  6wTb  paipa6oTaHW  Me- 
To.iu  CTpoHTeabCTBa  aopor  M3  HocTaiuapTHWx  MaTepiiaaoB. 

OnwT  paipa6oTKii  hoiJithhoio  MecTopow  iciihh  b la.iHBe  Tlpya* 
xoy  w cBHiaHMoe  c 3tmm  cipoHiiMbCTBO  He^iTenpoBoaa  nOKa3a.l»1. 
MTO  Heo6xO.lHM0  MOCTpOHTb  Iia  .l.lHTC.lbH WA  CpOK  XOpoUJyiO  UJOc  - 
ceAnyio  aopory.  npiiro.mvK)  .i.ih  .ibidkchiih  b .iK)6y»o  noro.iy  H3 
Hei.iMepjaioiueio  nopTa  VcayraMii  aBnaunn  mo>kho  no.ibioBaTbcH 
aiiuib  b nepno.1  HccaenoHamtH.  ho  nepeBooiTb  6o.ibiiiHe  rp>  iw 
b nepnoa  iipOBcaeiiifH  pa6oi  npe.icraB.iHeTCH  Ma.ioBepon thum.  oco- 
6chho  npn  c'TpoHTe.ibCTBc  ne(|)TenpoBo.ia  .Iiimhmc  aopoiH  OKa- 
la.iHCb  nenpHro.iHWMH  bbh.iv  orpaiiHMCimoro  cpona  Hcnoabio- 
BdllHH. 
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RESOURCE  DEVELOPMENT  AND  RELATED 
ENVIRONMENTAL  PROBLEMS  IN  ARCTIC  ALASKA 
IMPACTS  OF  LARGE  SCALE  PIPELINE  CONSTRUCTION 

Ml  projects  of  large  scale  in  the  Arctic  and  Stibarelie  must 
be  assessed  m terms  ot  their  impact  on  the  environment  prior  to 
initiation  of  work  and  in  all  subsequent  phases  Because  the  impact 
usually  spreads  beyond  the  project  scope  itself,  project  planners 
and  managers  must  consider  the  economic  trade  offs  inherent  in 
the  large  scale  works  of  man  and  the  effects  of  projects  on  other 
natural  resources  (such  as  esthetics,  timber,  fish  and  wildlife) 
Further,  management  must  also  examine  the  influence  on  related 
industrial  markets,  the  economic  development  of  affected  com 
munities  and  impact  on  the  labor  market  itself  The  latter  could 
easily  be  depleted  to  facilitate  construction. 

With  respect  to  pipeline  project  design  and  construction, 
perhaps  the  most  critical  period  for  gathering  data  and  establish- 
ing criteria  occurs  during  geotechnical  investigations  At  this 
time  the  data  input  has  a two  fold  use.  The  first  is  the  design 
of  foundation  systems  and  the  second  is  the  delineation  of  terrain 
units  to  minimize  environmental  degradation  during  the  const 
ruction  and  operational  phases  of  the  project  and  from  which 
natural  resources  can  be  extracted  for  utilization  in  construction. 
For  example,  selection  of  sites  for  gravel  and  concrete  aggregate 
ami  spoil  disposal  are  required  to  minimize  environmental  impact. 

Baseline  data  are  often  nonexistent  or  limited  in  scope  Major 
data  requirements  are  as  follows. 

Ruers  and  Floodplains 

1 Maximum  flood  stage. 

2 Scour  depths  associated  with  design  flood 

3 Assignment  of  flood  reoccurrence  intervals. 

4 River  channel  and  floodplain  geometry 

5 Ban  haracteristics,  e.  g erosion  and  scour  potential 
6.  Lu  lining  relict  floodplanis 

River  Associated  (annual)  and  Ground  Water  (aufeis)  Icings 

1.  Location,  thickness  and  extent 

2 Associated  scour 

3 Assessment  of  potential  impact 
Historical  Weather  Data  (site  specific) 

1 Earliest,  latest  and  most  probable  date  of  freeze-up 

2 Earliest,  latest  and  most  probable  date  of  break  up  and 
thaw 

3 Mean  annual  air  and  surface  temperatures 
Soil  Conditions. 

1 Vegetative  cover. 

2 Depth  of  thaw  and  soil  temperatures. 

3 Soil  type  classification 

4 Thaw  stability 

5.  Soil  resistivity  (frozen  and  thawed). 

6.  Physical  and  chemical  properties 
Geographic  Considerations. 

1 Route  selection 

2 Right-of-way  width  and  clearing 

3 Site  selection  for  disposal  sites,  camps,  and  staging  areas. 
Environmental. 

1 Wildlife  habitats  and  migration  routes. 

2 Anadromous  fish  streams  and  fish  habitats. 

3 Critical  habitat  of  endangered  wildlife  species. 

4 Esthetics  consideration  (amelioration  of  negative  impact). 
5.  Timber  resources. 

6 Recreational  areas 
Material  Evaluation. 

I River  material  sites  (gravel  and  sand). 

2.  Upland  material  sites  (gravel  and  sand). 

3.  Rip  rap  quarry  locations 
4 Commercial  timber 

5.  Water  intake  and  discharge  for  pipeline  hydrotest. 

To  determine  what  is  an  acceptable  environmental  impact, 
there  must  be  a continuous  assessment  of  its  cost  both  in  terms 
of  project  costs  and  scheduling  as  well  as  its  ancillary  effects  on 
society.  The  availability  of  manufactured  materials,  such  as  steel, 
is  an  integral  part  of  environmental  considerations.  Thai  is,  some 
areas  may  be  more  readily  set  aside  as  staging  zones  under  given 
seasonal  conditions  Those  which  would  require  overland  transport 
of  heavy  equipment  during  the  summer  months  would  logically 
be  put  aside  due  to  destruction  of  tundra  cover  which  in  turn 
would  require  an  additional  expense  to  restore,  if  indeed,  restor- 
ation is  possible 

River  crossing  techniques  and  the  installation  of  training 
structures  to  protect  a pipeline  from  scour  inusl  be  timed  so  as 
not  fo  cause  a detrimental  effect  on  a known  fishery  resource 
Local  drainages  must  be  dealt  with  to  prevent  siltation  of  rivers 
amt  in  some  casts  the  pipeline  integrity  itself  These  techniques 


involve  Ihi  determination  of  aufeis  occurrence,  and  ice  lories 
on  pipcluh  support  »lrm  lures  whether  the)  he  bridges,  piles  or 
grand  hcriris  Huer  training  structures  mus|  be  carcfulli  design 
cd  not  onli  to  protect  the  pipeline  from  natural  scour  forces  but 
also  to  protocl  exposed  rner  banks  from  induced  erosion  and 
degradation 

Enforcement  of  quality  control  guidelines  and  specifications, 
lease  agreements  and  statutory  and  regulatory  laws  are  the  tools 
available  to  insure  pipeline  integrity  during  and  after  construct- 
ion and  prevention  and  restoration  of  environmental  damage 
Project  management  by  the  owners  must  interface  efficiently  with 
permitting  agencies  and  those  responsible  for  protection  of  the 
environment 


*/.  A.  HjMnuoH,  P.  XaK 

(C11IA.  AiiKopilaai.  Ashck.i J 

PA3PAI.OTKA  nPHPOflHbIX  PECyPCOB 

H CBH3AHHblE  C HER  nPObJIEMbl  OXPAHbl 
OKPyjKAKJUlEH  CPEflbf  B APKTHHECKMX  PAftOHAX 
A.'lflCKH  — IlOCJlEflCTBHS  nPOBEflEHHR 
KPyriHOrO  HEOTEnPOBOflA 

ZIo  Has  an  a npoBe.iciuiH  iicex  pafiot  spyiuioro  Macurrafia  b Apn- 
t HKe  u CyOapKTKKc  ii  iia  Bcex  noc.ie.ryiounix  jTanax  c.lcayeT  oue- 
miBaTi.  hx  Boa.ieficTBHc  Ha  oKpyjKammyKi  rpe.'iy.  Ilpu  n.iauirpoBa- 
n n n jtiix  pafior  ii  pv kobo.ict Be  hmii  iieo6xo:in mo  npmiiiMarb  bo 
Bmixiamie  jkohomh'icckuc  noCJie.icTBiiH,  dituamibic  c MX  ocymecT- 
b.icmhcm  n boi  teHcTBiieM  iia  apxrHe  ripupo.tHbie  pecypew  (zieCHbie. 
puGiibic)  ii  jmkhx  /KHBOTllbix.  PyKOHojcTBy  c.iejtyeT  TaK*e 
oCpariiTb  BHHMaHHc  tia  to,  nan  noB-iirsteT  cTpoHTe.TbcTBo  ira  co- 
CToBiiHe  h paaBHTHe  apymx  orpacvieii  npoMbim.renHoeTM.  Ha  co- 
cTOHime  TpyitOBbix  peicpiion  (ohh  fiwcTpo  MOryT  Gain,  hcto- 
wema) 

ffpir  n.TaiiHpoBaiuiH  erpouTeabCTBa  TpyfioupoBoaa  reoTexHime- 
ckiic  iiccaeaOBamiH  iib.ibkitch  iiaiifio.iee  OTBeTC.TBeiim>iM  nepitoaoM 
;un  iio.iy'ieiuiH  hcxo.iiiux  ;iainii>i\,  Koropue  mojkho  Hcnozib30B an, 
ABOHKO  BO-nepBUX  npil  p.'l  'ipafiuTKt-  OCHOBHWX  CHCTCM  II,  BO-BTO- 
pux.  npii  paunoiia.iinioM  BbiaeaeHini  ywacTKoB  Ha  mccthocth 
y.MeHbiueiiHH  .lerpajauini  oxpy  avaioiueii  epeau  b nepiioa  ctpoH- 
Te.ii,CTB,i  ii  pa6oTbi  ofit.i'KTa  Iia  jthx  ynacTKax  mokct  BecTiieb 
paipafioTKa  npiipo.nibi.x  pecypcoB.  Heofi.xoattMUx  a.ih  CTpoiiTe.ib- 
CTBa  llanpiiMep.  ana  yMcHbiiiemiH  ymepfia.  HanoeiiMoro  oapywa- 
Kimeii  cpe.ie,  c.ieayer  rapanee  naMeriiTb  yaacTKii  ,1.1st  no.iyueHim 
rpaBHH.  fie  to  Ha  ii  rfipoca  otxo.tob 

llcxoaiibic  aainibie  'laeTO  OTcyTCTBX  hit  iuu  hx  fibiaaea  ireaoCTa- 

TOHHO. 

Heo6xoaiiM u c.icjy  lomne  cnoaemiH: 

PeKU  U peiHbie  dOAUHbt 

— MaKciiMa.'ibiian  npoao.'i*nTc.TbHOCTb  noaoBoaiai 
— Tayfiiuia  apoiiin  ii  ee  aaBiieiiMOCTb  ot  xapaKTepa  noao- 
BO.abH 

— Pacnpeae.iemie  noBTopaeMocTH  noaoBoabH. 

Ornieaiine  pyc.ia  ii  iipiuoai.iiuii  npoipna b pt-hii 

Onircaiuie  fieperoB,  noTemuia.i  spo3iiOHitoii  acBTeaiaiocTH. 

Onpeaeaeime  xiecTonaxoaxaciiiisi  apcBHitx  peHHbix  floaiiH. 
Pe'iHbie  aiulor  u na  tedu 

— MecTonoz!0*eHiie.  Toamiiiia.  rtpoTHweiiHoeTb  h cinna  mi  an 
C IIIIXIII  jp03IIH. 

OueiiKa  BoiMOKHOro  no.iaeftcTniiH  iia  CTpoiiTeabCTBO. 
McTeui>uHHMc  (a.'in  OTae.'iMiwx  y»racTKOB  mccthocth). 

— C a xi hie  paHiuie,  iiouiute  ii  iiepoaTiibic  aaTbi  3aMep33HHH, 
BeKpbi  tiih  .Tbaa  ii  ero  TanmiH. 

CpeaiieroaoBUe  TCMiiepaTypu  Boiayxa  ii  noBcpxHOCTH. 
IloHtibL. 

— PaCTIITeZlblllJli  IIOKpOB. 

— PayfiMHa  oTTaiiBaima  ii  TewnepaTypa  nosBu. 

— KaacdUpHnauitH  nmur. 

— VcTOIIH lIBOCTb  TBHHHH. 

— HeeyuiaH  ciiocofiHOCTb,  conpoTHB.nreMOCTb  no-iBbi  (3aMt’p3- 
tueft  ii  pacTaHBiuefi) . 

— d>ii.i,i>iecKiir  ii  xnxtmiecKHe  CBoftcina  nounu 
Ofiique  eeoepa<pu‘<ecnu e < iaHHbie 
— Bufiop  flopor. 

Uliipmia  no. wo  hi  otmv  waemiH 

— Bufiop  MecT  a.ia  efipoca  otxo.iob.  ctohiiok  Mauuui  ii  npo- 
Bc/teHiiH  pafioT. 

OKpuxaK»nan  epetiu. 

— Cpeaa  ofiriTaiimt  .iiihiix  ikiibotiiux  ii  iix  MiirpamioiiHMe 
nyTH. 

— Miirpamia  npoxoanux  pufi  ii  cpeaa  iix  ofiiiTaiiHB. 

KpilTIIMOCKOe  rnCTOBHHC  cpi’.iu  OfillTallllH  HC'ie3aiOIUIIX  Bit- 
.10B  IIIKHX  arilBOTHU.X 


• Stale  Pipeline  Coordinalor. 

♦ Senior  hijpnrer  lo  the  Slate  hpeline  ( onrdinalor 


— y MrHhiiiPH >ie  OTpimaTe.ibHoro  BoiaeAeTBiiR  na  cpe/iy. 

— Pecypcw  .ieca. 

— Mcctb  otjnxb 

Ouchku  crpoureAbHbtx  Marepua.iofl. 

— MecTonoJiomeHHe  pemibix  KaphepoB  (rpaBHH  h iiecKa). 

— MecTono.iOMeMHe  KaphepoB  rpaBHH  n riecKa,  Haxo/iHUiHxCH 
Ha  BOlBblUJCHHOCTHX. 

— ,r1ec  npoMUUi.ieHHoro  JHaqeiiHH. 

— floTpeO.icHHe  m c6poc  BO.ibi. 

ZDih  onpc/ie/iemiH  lonycTHMoro  bo3.u*Acthhh  na  OKpywaioiiiyio 
cpe.i\  neofixoAHMa  ero  nocTORHHaH  ouchkh  kbk  c tomkh  ipeiiHH  npo- 
eKTHOM  CTOMMOCTM  CTpOHTtM bCTB8 , TaK  H H Il-iane  eiO  BOIJCACTBHH 
Ha  ofiiuccTBo  3ro  shammi*.  mo  HeKOTopue  y q a c t k m mow  iio 
.ictko  BhiOpaTb  ajib  npoH3Bo.iCTBa  pa6oT  b juofioA  ce.aoH  ro.ia 
Ha  npyrux  me  yqacTKa  x.  no  KOTOphiM  npoxo.niT  thwp.inA  Tpanc- 
nopT  b .icthmc  MecRUhj.  Ty HjpoBbiA  noKpoB  CH.ibHo  pa ipyuiaeTc h. 
mto  b cbok)  oMepeAb  noTpeOyeT  aono.iHHTe/ihHbix  3aTpai  Ha  boc- 
CTaHOB.ieHwe  (ccjh  oho  boimojkho) 

BpeMR  nepexpuTHB  pen  h cTpoMTe.ibCTBa  coopyweiiHfi  j.ih  ia- 
lllHTbl  TpyfionpOBOAa  OT  ?p03HH  JO.IWHO  ftbITh  BHfipaHO  C T3KMM 
pacu'TOM . moftbi  hc  npiiqumiTb  Bp r.ia  puGubiM  pecypcaM.  C.ie.iyeT 
npoBOAHTb  apeHaw  Ha  MecTax  bo  HiCcwaHHe  lacopciiHH  pen  ii.iom 
h HapyuieHHB  uc.iocthocth  caMoro  TpyfionpoBo.ia.  flpH  <tom 
iivmcho  yrTaHOBHTb  BepoRTHOCTb  BCTpeqaeMocTii  Ha.ie.ieA  H paCCHH- 
TaTb  Harpy3K\  .ibAOB  na  coopywemin.  no/uepwiiBaiomMc  Tpyfio- 
npoBOA  moctw.  cBan  hah  HacbinH  H3  rpaBHH  PeMHbie  COOpyrneilMH 
c.ieayeT  npoeKTHpoBaTb  Tan.  mtoOn  ohm  hc  to.il ko  npeaoxpaxH.iH 
TpyftonpOBO.l  0T  CCTeCTBOMHoA  »p03HH.  HO  H 3aillHIHa.UI  OTKpWTbie 
fiepera  pen  ot  ?p03HH  anTpotiorenHoro  xapaKTepa  m pa3pyuieHHfl 

CoOAio.ieHiie  npe.imicaHHA  h HHCTpyKiinA.  corjauiemifi  06 
apcH.ie  h onpcAc.ieHHNx  aanoHOB  cnoco6cTByeT  ofiecneqemno  no* 
aocthocth  Tpy6onpoBOAa.  a TaK  me  ycTpanemno  Bpe.iHbix  bosacA- 
ctbhA  HapyuieHHB  onpyrnaiouieA  cpe.ibi  PyKOBo.iHTe.iH  npoeKTa 
AO.DKHU  ycneiUHO  COTpy.lHHMaTb  C yqpOK/ICHHHMH,  B(‘,1V  IIIHMM 
ct  poH  tc.1  bCTBO,  h opra  HHaa  iiHB  mh  , OTBeTCTBemiWMH  ia  oxpany 
okpymaioiueA  cpc.ibi 
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M.  C.  Brewer 

(USA.  Anchorage,  Alaska) 

RESOURCE  DEVELOPMENT  AND  RELATED 

ENVIRONMENTAL  PROBLEMS  IN  ARCTIC  ALASKA. 

IMPACT  ON  PERMAFROST 

Permafrost  is  a condition,  rather  than  a material,  that  prohib- 
its. by  freezing,  the  movement  of  any  water  enclosed  in  the  soil. 
In  most  cases  it  eliminates  internal  subsurface  drainage.  In  many 
cases  it  is  one  of  the  more  effective  agents  in  controlling  the 
minor  drainage  patterns  for  surface  waters 

The  temperature  of  permafrost  varies  from  place  to  place  in 
Alaska,  from  near  the  freezing  point  of  fresh  water  in  central 
Alaska  to  about  I2°C  in  northern  Alaska  Although  consider- 
able variations  in  temperature  may  occur  laterally  within  a few' 
meters  or  tens  of  meters,  depending  on  the  material,  moisture 
content,  depth,  presence  or  absence  or  change  in  the  vegetative 
cover,  winter  snow  cover,  topography,  elevation,  whether  a north 
or  south  facing  slope,  nearness  of  bodies  of  water,  and  other 
factors,  a generalization  usually  can  be  made  that  the  permafrost 
temperatures  become  colder  with  increasing  latitudes.  The  tern 
perature  of  permafrost  also  changes  with  the  seasons,  with  the 
amount  of  change  decreasing  with  depth  until,  at  a depth  of  20  m 
it  may  only  be  0,0lcC. 

The  moisture  content  in  permafrost  materials  is  extremely 
variable,  ranging  all  the  way  from  being  almost  pure  water,  in 
ice  wedges,  to  being  almost  non  existent,  in  various  rocks  with 
few  fissures  While  the  moisture  content  in  permafrost  in  northern 
Alaska  tends  to  be  the  highest  in  the  upper  8 to  10  m.  in  central 
Alaska  it  may  increase  suddenly  as  buried  ice  wedges  or  ice 
lenses  are  encountered 

Permafrost,  while  usually  frozen  in  a form  resembling  “ice 
crete”,  may  be  unfrozen  it  the  materials  contain  brines  These 
conditions  are  found  in  certain  inland  areas  of  the  coastal  plain 
in  northern  Alaska.  Gravels,  near  Barrow,  have  been  found  to 
contain  brines  with  salinities  as  much  as  seven  times  those  found 
in  sea  water,  and  to  he  unfrozen  at  a temperature  of  12,8  C 
Similar  conditions  have  been  found  with  clays,  at  depths  of  20 
and  TO  m in  the  same  areas.  “Dry  permafrost”,  without  sufficient 
moisture  to  hold  the  soil  particles  together,  also  Iris  been  found 
on  ocean  spits,  on  offshore  barrier  islands,  and  on  some  river 
gravel  beds 
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Merely  by  its  presence,  nermafrost  places  severe  constraints 
on  resource  development  Under  normal  conditions,  it  provides 
a stable  structure  to  the  soil  materials  However,  when  the  sur 
face  of  the  ground  is  modified  by  the  processes  and  requirements 
involved  in  resource  development,  the  thickness  of  the  “active 
layer"  is  increased,  causing  ice  in  the  upper  part  of  the  perma 
frost  to  melt  This  melting  often  produces  a chain  of  secondary 
events  which  may  disasterously  affect  many  other  facets  of  the 
environment.  Depending  on  the  topography  and  the  amount  of 
ice  included  in  the  permafrost,  the  secondary  events  of  greatest 
importance  are  erosion,  differential  settlement,  or  both  They  can 
cause  structural  failure  to  occur  in  engineering  projects  and 
usually  cause  degradation  of  the  surrounding  environment 

The  most  significant  effects  arc  often  associated  with  the  de 
velopment  of  modes  of  transportation,  whether  they  be  roads, 
pipelines,  or  ports,  and  without  which  there  can  he  no  significant 
development  of  resources  These  projects  also  usually  cross  great 
distances,  with  varying  soils  and  ice  contents,  and  involve  the 
disruption  of  considerable  amounts  of  surface  area  The  protection 
of  permafrost  is  not  necessarily  the  goal  to  be  always  sought 
However,  very  often  it  is  the  mechanism  that  must  be  used  in 
order  to  protect  many  other  aspects  of  the  environment  This  is 
particularly  the  case  with  projects  that  stretch  over  considerable 
distances.  In  other  cases,  especially  in  areas  where  the  permafrost 
temperature  is  near  0°C  and  the  construction  will  he  confined  to 
a small  area,  such  as  would  be  the  case  with  a large  building, 
there  can  be  advantages  in  destroying  the  permafrost  in  the  im 
mediate  area  prior  to  the  initiation  of  construction  Each  situation 
must  be  considered  separately. 


M.  Bptosp 

(ClIIA  AiiKopHfl*.  A.iHCKa ) 

PA3PA&OTKA  MPHPOAHblX  PECypCOB 
H CBR3AHHblE  C HER  HPOBJIEMbl  OXPAHbl 
OKPy)KAK)lUF.n  CPEAbl  B APKTMHECKMX  PAROHAX 
AJ1RCKH .—  B03AERCTBME  HA  BEHHyfO  MEP3J10Ty 

Bemiafl  Mep3.ioTa  — 3to  coctohhhc  noqBhi  — rpyiiTOB.  KOTopoe 
npertHTCTByeT  abhjkchhio  BO.ihi  b mix.  B 6o.ibUiHHCTBe  c.iyiaeB 
ona  HCKJiioqaeT  BiiyTpeiiHMH  rpyuronwA  apeHaw  B HeKOTopwx 
c.iyqaax  Be'inan  Mepi.ioTa  hb.ihctcji  oahhm  H3  Han<5o.7«-e  *ip(p(‘K- 
THBHUX  (JjaKTOpOB  KOHTpO.IHpyKJlUHX  HCaiiaqHTC/IhHblH  .ipewaJK  no- 
BepXHOCTHblX  BO/1. 

TcMnepaTypa  c.ioh  bcihom  Mop3.ioTN  iiimchhctch  ot  pnftcma 
k pafiony.  ot  TOMnepaTypu.  6.ih3KoA  k tomkc  3aMep3aHHH  npecxoA 
BOUbi  b ueiiTpa.ibHOH  Ajihckc.  jo  I2°C  b ceBepnoii  A.ihckc  H 3y- 
**4*h  KOJefiamifl  Te.Mneparypw  Ha  r.iy6ime  HecKo.ibKHx  McTpon  ii.m 
.leCHTKOB  Mi  TpOB  B 3.1BHCHMOCTH  OT  rpyiiTOB.  BJaroiiaCbUlleiUIOCTH, 
i.iyfuniN  ja.ieraHHR  Mep3.ioTw,  oco6chhoctch  pacTiiTe.ibiioro  no- 
Kpona.  To.iimuibi  3HMiiero  cni  /Kiioro  noKpoBa,  pe.ibe(|>a.  >Kcno3H- 
IIMII  C'K.IOHa,  0JH3OCTH  BO.lOeMOB  H /IpyiHX  (paKTOpOB,  MO/KH0  C.ie- 
.l.i  ri,  BbiBo/i.  mto  TevnepaTypa  bciiioA  Mep3.iOTW  nomoK.ieTCH 
c vBe.iii'ieHHeM  unipOTbi.  KpoMe  Toro,  TewnepaTypa  bcmhoA  Mep- 
i.i ot ij  H.iMeiiHeTca  b 3aBiicHMOCTH  ot  ce3oi<a  roia,  ojfiaKO  c r.iy- 
6hhoA  3TH  HiMeiiemiH  yMCHbiuaiOTCR  h na  r.iyfiHHe  20  m motvt 
COCTa B.IHTb  .HllUb  0,0l°C. 

Co.iep>Kanne  B.iani  b bcihoA  MepajOTe  ch.ilho  BapbiipyeT  ot 
CT9AMH  IIOMTH  'IIICTOA  BOJH  B .1CJHHWX  .IHHia.X  .10  ROMTH  UO.lHOrO 
OTCVTCTBIIH  CO  » pa3.1HMHIJ\  (Ka.iax  C MaJIOHUC.ieilMUMH  paclUCJH- 
ii a mh.  B to  BpeMH  k.ik  cojep>KaHHe  B.iani  b BemioA  Mep3JOTe 
h cenepiioA  mjctii  A.ihckh  hb.ihctch  ii.ihOo/ilihmm  b BepxHeM  8 — 
10-MeTpOBOM  c.ioe.  b iieinpa.n. hoh  qacni  A.ihckh  oho  mowct  neo 
>Kll.iaHHO  yBe.lHMHTbCH  MM.  I ,lr  UC I peMaiOTCH  .le.lHHble  K.llUU.H  II 
jeiHHWr  .1 II H 3 III 

BeMiiiiH  Mepj.ioTa.  o6mmho  npejCTa b 1 hkhu.i h C0601T  .ic  uiiioh 
KOHiMOMepar,  mowct  6ijti.  pa  iMopoKena,  ec.m  n neA  nOHB.iHeTCR 
pacco.i  faKiie  yc.lOBim  moikho  o6napy>KHTb  b ncKOTopwx  bunt- 
peiimix  paAoiiax  npi«6pe>KHoA  paBHiiHbt  cenepHoA  A.ihckh  rpaBHH 
oko/io  m Mca  Bappoy  cojcjukht  jc.ihhom  pacco.i  ( o.iii  n ium 
b 7 pa.i  6ojbiue.  »iew  b oGnmhoA  MopCKofi  none  Jle.iHHoA  pacc<u 
paiMopamitBacTCH  npii  leMiieparype  12,8  C.  Ana.ioniMHWe  yc- 
.iobhh  xapaKTcpH w i.iw  r.iiiHiicTwx  noMB  na  r.iyOimax  20  u 30  m 
h tom  me  paAouc  «CyxaH  nequaH  Mepj.ioTa*  6e3  xocTaTomioio 
co.iep>KaHHH  B.itii  ii.  cnocoOmiH  yu  p/K.m»  qacniuw  iiombu  n\tecu\ 
oftnapyiKena  na  oki  amiqecKHx  otmc.ihx.  m i npii6pc>KiiNx  ocTpoiiax 
II  na  rpHBHHHOM  ;uie  HCKOlopblX  peK. 

BeqiiHH  Mepuoia  uiTpy.iHHci  pa.ipaftoTKy  npitpo/niMx  pecyp- 
COI»  li  HOp.MaJbllNX  yc.lOHIIHX  Olla  HB.IHCTCH  ycloAMHBoA  CTpyKTV- 
poA  O.maKo,  koi  ia  nonepxHoCTb  ihhibn  himi-iihctch  b peiy.ibTaTe 
HpoueceoM,  chh  laiiHU.x  c p«npaf»OTKOH  iipHpo.mwx  pecypcoB  to.i 
uimia  caKTHBHoro  c.ioh>  y iu- liuiMBaeTcH  h BbnijHaeT  TaHinie  .ib.ia 
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B BepXNeA  MBCTH  C.IOH  HO'IIIUM  Mepj.lOTU  ^TO  TaHlllli*  MilCTO  |||»ll 
BOANT  K noAOMHMM  tlOC.ICACTBIIflM . HailOn.lee  3H3'I  HTC.IbHU  W II  III 
MHX  ■ B.’IXKJTCR  jpo.lllH  II  pa3.1HMHbie  (flOpMU  OCC.18HIIH.  3<IBIK'HIUIIi* 
ot  pe.ibo^ia  h KommeciBa  .ih.ia  b cjioe  BeMHofi  Mepa.noibi  Omi  mo 
ryT  BuaaaTb  paipyiuemiH  npoMMui.ieHHbix  oObcktoh  ii  oftij-mo 
BCayT  K H3Mt*Ht*HllHM  OKpy >K3K)IIH'H  Cpeibl. 

CaMMC  3HaMIITe.ll>HhlO  nOC.ItMCTBIIH  MaCTO  ftblBillOT  CBH3.IHIJ 
CO  CTpOMTO.IbCTBOM  AOpor.  IlOpTOB  M lipOK.ia/lNBHHHOW  TpvOoiipO- 
boaob.  6e3  KOTopbix  Ht'MUCAHMa  cepbeiHan  pa3paftoTKa  npiipon- 
HbiX  peCypCOB  IlpOMNllJ.IOHHaH  ACHTCAbHOCTb  OXBaTbIBaCT  OOAbtUHC 
TeppMTOpHM  C pa.I.IHMMNM H I10HH3  MH  H pa3.1HMHUM  COJt'pjHa- 
mhcm  Ab.ia  m BbMbiBacT  pa3pyuieHHe  6o.ibiunx  yMaciKoB  noBepx- 
hocth.  He  Bcer.ia  c.ie.iyeT  cTpeMHTbcn  k coxpaneiuiK)  bo  mi  oil 
M0p3.10Tbi.  OAHaKO  OMCNb  MaCTO  OHa  Heo6xoflHMa  A.1H  OXp.'IHbl 
Apyrwx  kom noHOHTOB  onpywaiomeH  cpeAU.  Tax.  HanpHMep.  iipn 
paOOTaX,  KOTOpue  BeAVTCH  Ha  ftOJlblUHX  TeppHTOpHHX  liyauio  CO* 
xpaHBTb  BOMHyto  Mepa.ioTy.  B Apyrwx  c^ynanx.  ocoGemto  TaM.  r.ie 
TeMnepaTypa  cjioh  bchhoh  Mep3.ioTbi  oko.io  OX  h cTpoiiTe.ibcrBO 
BeAeTca  Ha  Ma.ieHbKow  ii.iomaAii.  HanpHMep.  CTpoHTe.ibCTBO  6o.n»- 
Uioro  3ABHHR.  npeACTaBABeTCR  p33y MHbIM  pa3pyiUHTb  BeHHyiO  Mep- 
3.ioTy  Ha  npw.ieraioiueH  TeppiiTopwH  ao  HaHa.ia  CTpomejibCtBa. 
B KaWAOM  CJiyMae  He06X0AI1M  IIHAHBHAyaJIbHblH  nOAXOA. 


S.  M.  Uspensky.  N.  V.  Vekhov, 

A.  N.  Kuliyev,  V.  A.  Lobanov 

(USSR  Moscow) 

PROTECTION  OF  NATURAL  COMPLEXES 
OF  THF.  ARCTIC  AND  SUB  ARCTIC 

The  north  of  Eurasia  and  North  America  which  possess  sub- 
stantial amount  of  natural  resources  are  actively  exploited  by 
the  man 

Despite  the  fact  that  economic  development  of  these  regions 
has  been  going  on  for  short  time,  it  is  evident  that  ecosystems 
hero  are  subject  to  unadvisable  irreversible  disturbances  due  to 
the  impact  of  anthropogenic  factors. 

Animals  »-  a component  of  the  ecosystem  of  the  Arctic  and 
sub  Arctic  that  is  particularly  affected  by  the  man’s  activity. 
Loading  on  food-animals  resources  is  found  to  increase  in  the 
North,  however  tin-  greater  impact,  both  direct  and  indirect,  falls 
on  the  regions  of  the  animals’  migrations  and  winterings,  in  den- 
sely populated  regions  of  middle  latitudes  and  of  the  South 

Anthropogenic  factors  of  global  character  affecting  ecosystems 
of  the  North,  such  as  environmental  pollution  by  chloroorganic 
and  other  toxic  compounds,  should  also  be  taken  into  account. 

The  factors  affecting  ecosystems  of  high  latitudes  are  as  fol- 
lows |)  heat  deficit,  both  in  winter  and  in  summer;  2)  sharp 
changes  in  living  conditions  of  organisms  in  time  and  space. 

Organic  world  in  these  regions  is  characterized  by  generally 
low  biological  productivity,  the  lowest  qualitative  and  quantita- 
tive inhomogeneity  observed  in  seasons,  individual  years,  during 
many -year  periods  (of  “warmings"  and  “coolings"). 

In  Arctic  and  sub-Arctic,  a one  moves  irom  the  South  to  the 
North  fine  can  notice  that  both  species  and  biomass  of  vegetation 
and  animals  on  the  land  are  getting  poor,  whereas  in  the  sea 
the  life  is  relatively  rich  trophic  relationships  here  are  shorter 
In  Arctic  and  sub  Arctic,  both  the  objects  to  be  protected  and 
centres  of  concentrated  impact  of  anthropogenic  factors  are  of 
local  character  Therefore,  establishment  of  a system  of  reserves 
and  other  protected  territories  here  i-  seen  as  .1  most  effective 
form  of  nature -protection  measures 

It  would  have  been  a mistake  however,  for  us  to  see  only 
negative  results  of  the  impact  of  anthropogenic  factors  upon  the 
ecosystems  of  the  North  The  man  often  helps  to  increase  biolo- 
gical productivity  of  the  mentioned  ecosystems 

Transformation  of  tundra  phytocenoses  into  more  productive 
anthropogenic  meadows  may  be  given  as  an  example  to  illustrate 
the  above.  This  is  connected  with  the  destruction  of  moss  cover 
and  with  the  increase  of  soil-melting  depth  due  to  the  use  of 
vehicles  and  thanks  to  deer  pasture 

Mans  activity  may  also  improve  living  conditions  for  many 
species  of  animals  (bv  providing  them  with  food,  and  giving  them 
a shelter)  as  well  as  create  specific  anthropogenic  complexes  in 
the  animal  world  (Uspensky,  1959.  1974) 

Even  reindeer-breeding,  a traditional  branch  of  the  economy 
in  the  Eurasian  North,  may  result  in  serious  irreversible  distur- 
bances of  ecosystems  unless  specificity  of  local  environment  »> 
taken  into  account.  The  developing  industry  has  an  immeasur- 
ably greater  influence  on  ecosystems  of  Arctic  and  sub-Arctic. 
Coneequences  of  this  process  have  not  been  completely  understood 
so  far 


We  may  mention  only  some  aspects  of  the  process 

I Mechanical  impact  of  vehicles,  especially  caterpillar  tract- 
ors. .oid  construction  upon  vegetative  and  soil  cover  which  results 
m 1)  destruction  oi  vegetation.  2)  increase  of  soil -melting  depth; 
.1)  formation  of  thermokarst  lakes  and  marshes.  4)  active  soil 
erosion 

II  Changes  in  chemical  composition  of  the  Environment  as 
a result  of  oil  pollution,  natural  gas  burning,  lifting  on  to  the 
surface  of  deep  ground  layers,  the  use  of  pesticides  etc  All  this 
is  particularly  dangerous  in  high  latitudes  due  to  slow  destruc- 
tion of  pollutants 

III  Different  forms  of  accompanying  impacts,  such  as  de- 
struction of  the  forest  along  its  northern  boundary;  intensification 
of  thermokarst  processes,  reduction  in  biological  productivity  ot 
ecosystems;  disturbances  in  vital  activity  processes  of  fauna 
species,  for  example,  during  the  construction  of  oil  and  gas  pipe- 
lines, power  lines,  etc  (Uspensky,  1974) 

In  tin-  USSR,  scientific  background  of  protecting  natural  com- 
plexes of  the  Arctic  and  sub-Arctic  art-  being  developed  in  a 
number  ot  higher  educational  institutions  and  scientific  insti- 
tutions including  the  Central  Laboratory  of  Environmental  Pro- 
tection (Cl  I P),  the  Ministry  of  Agriculture 

The  impact  of  anthropogenic  factors  upon  natural  complexes 
of  tundra  is  carried  out  by  CLEP  on  the  basis  of  Vorkuta  indust- 
rial region  (eastern  part  of  shrub  subzone  of  Bolshezemelskaya 
tundra) 

The  mam  method  used  is  complex  shaping,  geomorphologic.il 
profiles  .JO  km  long  are  radiating  from  the  city  of  Vorkuta  Along 
these  complex  biological  sites  are  located  at  which  many  year 
observations  ire  conducted  as  to  the  changes  taking  place  in 
different  natural  complexes  due  to  the  man  s act i v it v 

f irst  results  obtained  by  CLEP  show  that  natural  complexes 
get  intensively  polluted  by  drop  pulverized  exhausts  of  industrial 
plants  and  heating  systems  Water  basins,  get  polluted  b\  liquid 
waste  of  industrial  plants,  by  pit  water  and  everyday  waste. 

Acidity  is  found  to  decrease,  while  mineralization  of  water 
in  lakes  located  in  the  vicinity  of  pits  increases,  this  results  from 
the  fact  that  fine  particles  of  dust  masses  scattered  bv  the  wind 
settle  down 

Penetration  of  pit  water  into  water  basins  results  m destrnc 
tion  of  aquatic  plants  (Vekhov.  1974)  Discharge  of  sewage  lead- 
to  complete  disappearance  of  fish  in  the  streams  and  of  water 
invertebrate,  except  for  chironomides,  in  the  lakes 

However,  at  some  distance  from  the  pits,  the  species,  amount 
and  biomass  of  water  invertebrate  would  not  differ  from  those 
found  in  the  outly  ing  districts  of  tundra. 

\nalysing  the  stability  of  communities  using  the  method  of 
McArthur  (1957)  which  is  based  on  quntitative  ratio,  shows  ih.it 
some  water  communities  in  the  Arctic  zone  may  preserve  the 
structure  and  species  composition  when  substantial  changes  in 
environmental  parameters  take  place  (Vekhov). 

As  the  impact  of  pollution  in  the  Vorkuta  industrial  comple  x 
get-  stronger,  a necessity  arises  to  study  the  influence  of  gas 
puh  eri/ed  exhausts  upon  tundra  plants. 

Increase  of  concentration  of  such  harmful  gases  as  S()2.  H:S. 

( O :v>ult».  m disturbance-  in  processes  of  photosynthesis  in 
plant-,  affects  their  growth,  and  leads  to  their  destruction 

There  re  no  iickens  in  the  vicinity  of  Vorkuta,  particularly 
in  it-  n »rtli«-n  and  ea-tern  parts,  the  regions  which  are  most  bad- 
ly polluted  Change-  in  species  composition  in  moss  cover  take 
place:  poly  trichic  moss  i-  replaced  by  Aulacomnitim  moss:  in  the 
northern  pari  of  the  region,  the  growth  of  peat  moss  i-  retarted. 
while  Dicranium  moss  grow  - faster. 

Analv-ing  the  ash  of  plants,  an  increased  content  of  S.  I\  \l. 
Pb.  P was  revealed  Mineralization  of  plant-  adds  sulphuric  acid 
to  the  soil,  thus  increasing  migration  capability  of  some  elements 
< \l.  Zn.  (in.  Mil) 

< i<  ological  survey  results  in  serious  destruction  of  vegetative 
cover;  tin-  inevitably  leads  to  degradation  of  continuous  perma- 
frost and  to  -oil  erosion  (Kuliyev) 

Changes  in  the  Environment,  degradation  of  its  conditions 
reduce  specie-  composition  and  quantity  of  ground  vertebrate- 
living  in  tundra,  especially  hunting  predatory  species 

It  has  been  revealed  that  the  density  of  birds  nesting  within 
a 10  km  zone  around  Vorkuta  industrial  complex  has  decreased. 
The  amount  of  nesting  birds,  as  compered  with  the  surrounding 
tundra,  is  less  by  14  species. 

Population  of  lapland  plantains  has  undergone  changes  in 
morphophysiological  indices  of  internal  organs  resulting  from 
environmental  pollution.  During  spring  migration,  a lot  of  wil- 
low-ptarmigans get  killed  crashing  against  power  lines  (Lo- 
banov). 

To  determine  the  impact  of  antropogenic  factors  upon  natural 
complexes  of  tundra,  CLEP  is  now  using  biological  indicators. 
This  includes  some  species  of  moss  and  lichens,  some  commu- 
nities of  water  invertebrate  which  are  capable  of  accumulating 
products  of  industrial  pollution;  this  also  includes  some  kinds  of 
birds,  their  morphophysiological  paraments  (according  to  acade- 
mician Shvarts),  dynamics  of  quantity,  peculiarities  of  biotopical 
distribution,  and  trends  of  periodical  events  in  their  lives. 
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C.  At  ycntncKui,  H.  B.  Btxo*.  A.  H . B.  A.  Jlo6ano s 

(CCCP  Mockm) 


OXPAHA  RPNPOAHblX  KOMriJlFKCOB 
APKTHKH  H CyBAPKTHKH 

Ce»ep  EspaaHH  m CeiepMoA  Amcpiikh.  pacnoAarammitH  .1  h a mi  * 
Tf.ibHNMH  npupoAHUMH  pecypcaMH.  MHTeHCHBHo  ocaaHBaeTCH  Me 
.loaeKOM  HccmoTpa  Ha  to,  mto  hctopmh  xo3nAcTBeHiioro  ocbochhh 
stmx  oft.iacTeft  eme  OMeHb  KopoTKa.  ct a hobhtch  omcbha  hum  , mto 
noa  BoaaeAcTBHeM  aHTponorenHux  4>aKTopoB  3KociicTeMU  3Aecb 

OKaiUBaiOTCH  OCOflcHHO  y«3BHMUMH  nOTOMy.  'ITO  B HHX  .lerKO  MO- 

ryT  Outb  BuiBaHu  HeweaaTeabHue.  HeofipaTHMue  HapyrneiiMH. 
Cpe.lH  KOMnOHCHTOB  3KOCHCTeMU  ApKTHKH  It  CyCapKTIIKH  ><ail60' 
Afe  omyTMMoe  BoiaeAcTBwe  Me.ioaeKa  ncnuTUBaeT  Ha  cefte  mm 
bothuA  MHp.  Ha  CeBepe  HarpyjKa  na  pecypcu  npoMUc.ioBux  hoi 
bothux  BoapacTaeT.  o.iwaKO  eme  Oo.ibiuee.  npRMoe  h KOCBeHHOO 
BoajeAcTBHe  ne.ioBeK  oKaauBaeT  Ha  hiix  b paAonax  hx  MHrpamift 
m 3HMOBOK,  b rycTOHace.ieHHUx  ofi.iacTRx  cpe/iHiix  uiHpoT  11  mra. 
C.ie.iyeT.  KOHeMHO.  yMHTUBnTb  BAHHHiie  Ha  axocHCTeMu  CeBepa  11 
aHTponoieHHUx  (JiaKTopoB  r.ioOa.ibHoro  xapaKTepa.  iianpiiwep,  3a- 
rpa 3H6HHH  npupojHoA  cpeAU  x.iopopraHimecKHMH  h ApyrHMti  tok- 
CIIMHblMH  COe.'lHHeHHRMH 

B OCHOBe  nOBUmeHHOA  yH.TBHMOCTH  3KOCHCT0M  BUCOKHX  UlHpOT 
.lewaT  aciJimiiht  Ten.ia  He  TOAbKO  ihmoh.  ho  h .ictom,  pe3KHe  H3- 
MCHOHMH  VC.TOBIlA  06l1TaHMH  OpraHII3MOB  BO  BpeMeHH  H npOCTpaH- 
CTBe.  OpraHHMecKuA  MHp  ?thx  o6.iacTeA  xapaKTepH  tyeTCH  b 06* 
UlOM  HCBUCOKOH  6HOAOrHMeCKOH  npOAyKTIIBHOCTbK).  KpaAHeA  KaMe- 
CTBeHHoA  H KO.lHMeCTBeHHOH  HeOAHOpOAHOCTblO  — no  ce30HaM 
ro.ia.  oT.ie.ibHUM  roAaM.  b TeMeniie  mhotoacthiix  nepHOAOB  («no- 
Ten.ieHnA*  h «noxo.iOAaHnfi») . Ho  Mepe  abhmchhh  c lora  Ha  ceBep 
b CyfiapKTHKe  h ApKTHKe  nponcxoAHT  OucTpoe  o6eAiieHHe  khk 
bhaoboto  cocTaBa.  Tan  h Ohombccu  pacTHTe/ibHOCTH  h mhbothoio 
Miipa  eymn  npw  coxpaHeHHii  oTHOCHTe.ibHoro  CoraTCTBa  >khjhh 
B MOpe.  peiKOe  yKOpOMCHHC  TpO^HMCCKIIX  CBfliefi 

JI.1H  ApKTHKH  H CyOapKTIlKII  CneilH(|niMeH  AOKa.IbllUH  xapaKTCp 
KaK  HVWAainmHxcH  b oxpane  o6i>eKTOB.  t.ik  11  onaroB  MacciipoBan- 
Horo  Boa.ieAcTBHH  aHTponoremiux  4,aKTOPOB-  B cbh3»i  c mcm,  co- 
3naH«e.  HanpHMep.  cucTeMU  3anoBe.iHiiKOB  h apyrux  oxpaHHeMux 
TeppiiTopnA  aaecb  ct3hobhtch  oco6eHHO  j<t>4>eKTHBHoft  (popMoft 
lipHpO  lOOXpa  HHU  X MepOnpHBTMH. 

Bu.io  6u.  oah3ko.  oujh6koA  BHAeTb  b bo3acActbhh  aHTpono- 
ichhux  4>aKTopoB  Ha  iKocHCTeMU  CeBepa  jiHiiib  HeraTHBHUc  pe- 
3y-ibTaTU  Me.ioBeK  Hepe.TKO  cnoco6cTB\eT  noBumeHHK)  ftno.iorH- 
MeCKOM  npOAyKTHBHOCTH  3THX  SKOCHCTeM.  OAMHM  H3  lipOHB.ieHHH 

Mero  c.iywHT  TpaHciJiopMaUHH  TyiupoBux  4>HTOueno30B  b 6oAee 
npo.iyKTHBHue  aHTponorennue  Ayra.  cBH3aHHan  c paipyuieHMeM 
MOXOBOA  AepHHHM  H B03paCT3HHeM  l.iy6llMU  npoTaiiBainiH  IIOMBU 
iioa  y MepeHHUM  BOJAeAcTBueM  MexaHHMecKoro  TpancnopTa,  bu- 
naca  OAeneft  11  t.  a HeHTe.ibHOCTb  Me.ioHCKa  mokct  cnocoftcTBo- 

B3Tb  VAyMmeHHIO  3AeCb  TaKHte  yCAOBHH  ofillTaHHH  MHOTIIX  BHAOB 
hoi  bothux  (BtvieACTBHe  y.iyMmenHH  HX  KOpMOBUX  B03M0)KH0CTeA. 
C03A3HHH  Ae^HUHTHUX  B TyHApaX  yKpUTHH  ) , (|)OpM H pOB3 H H K> 
B HOI  BOTHOM  MHpt  CneUH(|)HMeCKHX  dHTpOIIOieHHUX  KOMflwieKCOB 

(ycnencKHH.  1959;  1974) 

JX  a me  ceBPpHoe  o.ieHt  boactbo  - Tpa  AHiiHOHHaa  OTpac.ib  \03hA- 
CTBa  Ha  I-BpaiMHCKOM  CeBepe.  ec.iM  oho  BCAeTCH  6e3  yneTa  cneuii- 
4>iikh  mccthom  npupoAHoA  cpeAU.  BUJUBaeT  My6oKiie.  HHorna 
HeofipaTMMue  wapyiueHMH  b 3KocncTOMax  HemwepuMo  fioAee  r.iy- 
6okoA  nepecTpoHKe  noABepramcH  3KocncTeMU  ApKTHKH  11  Cyft* 
apKTIlKH  nOA  B.1IIHHHCM  pa  iBHBaH)lUeACH  HHAyCTpHII  floCACACTBIIH 
3Toro  npouecca  b iioahoh  Mepe  ocTaioTCH  eme  HeBCKpuTUMM. 
MoHCHO  .111 111 l>  OTMeTHTb  HeKOTOpUC  HX  HaiipaBAellllR 

1 MexaHHMecKoe  B03AeAcTBHe  na  pacTHTe.ibHuA  11  noMBennuH 
noKpoB  najeMHoro.  ocoOenno,  ryccHMunoro  TpancnopTa.  CTpoii- 
TeAbCTBa,  CBHiaHHUf  C HHMII  yHHMTOHCeilHe  paCTHTCAbHOCTH.  yBC- 
AHMeHHe  r.iyAiiHU  npoTBHBaHiiH  rpyHTOB,  oOpajoBaHiie  TepMOKap- 
CTOBU.X  03«  p H 60A0T.  aKTHBHaB  3poiMB  IIOMB 

2 MiMeneHHH  xiiMHMecKoro  cocTaBa  cpeAU  b pe3y.11.TaTe 
ii<‘4’thhn \ jarpHTHeHHA.  oKHraHiiB  npnpoAHoro  iaia.  noAWMa  na 
noBepxHocTb  rAyCoKO  laAeraBUJHX  nopoA.  npHMeHCHMH  necTM- 
11HAOB  H T A npeACTailAHcT  B BUCOKHX  UIHpOTaX  OC()6yK»  onac- 
HOCTb  BC.ieACTBHC  MCAACHHOFO  pajpymeHHB  f8rpH.!HHK>lUHX  M3TC* 
pHBAOB 

3 Pai.iiiMHue  4>opMU  conyTCTByKimero  bosacActbiih  nape* 
HIM  Hall  He  II  yHHMTOHCeHHe  AtCOB  H3  CfBt’pHOM  fipeACAe  HX  HpOlH- 
pacTaiiiiH.  mi  rent  ih^hk.iuhh  npoueccoe  TCpMOKapcTa,  n a Ae Hue  ftno- 
AorH‘iecKoA  n poaykthbmoct h skochctcm.  Hap>iucHHe  npoueccoB 
MM  OiejeHTC.lbHOCTM  BHAOB  ifinyilM.  liailpMMep  npH  CTpOMTe.IbCTBC 
Hed)Te  H raMlllpOBOAOB.  A MUM  A ♦AeKrpotiepeA.IM  11  A|V  (YcneHCKHA. 

!974). 

HayiHMC  OCHOBU  OXpaHU  UpHpOAHUX  KOMHACKfOB  ApKTHKH  II 
Cy6apKTMKii  H CCCP  pa  ipaftaTWBaKJTCH  |»haom  By iob  «i  iiayMHUX 
yqpeHueHHA.  b tom  MMcAe  UeiiTpaAbHOH  AafiopaTopHeA  oxpaiiu 
/ipHpoju  (U/IOIl)  MCX  CCCP.  HMcKimeA  oum  iiphjhjahnx 

KOMHACKCOB  ApKTHKH  H CyftapKTIIKH  II  IIX  OXpaHU 


MsyMeiiite  baiihhhh  aiiTponoiciliiux  (paKTopoB  11a  npiipo mue 
KOMIIACKCU  TyilApU  UJIOII  lipOBOAHT  TABBIIUM  nfipaiOM  lid  lipil- 
Mepe  BopKyiHHCKoro  iipoMumAeiiHoro  panona  (boctomhbh  MatTb 
KycTapHiiKoaoA  H0A3OHU  GoAbUieJcMeAbcKOM  TynApu)  OchobhoA 
MCTOA  HCCACAOB3 HUB  — KOMIl.ieKCHOf  lipO^HAMpOBaHHC.  pa.lila.lbHO 
ot  r BopKyTU  3aAOHo;iiu  reoMop4»oAoi hmcckhc  npoipii.iH  npoTH- 
MeH HOCTbKJ  OKOAO  30  KM  K3MAUH  K HUM  IipHypOMCHU  KOMHAeKC* 
Hue  OHOAOPHSeCKHe  nAOmaAKH,  Ha  KOTOpUX  IIPOBOAHTCR  mhoio- 
AeTHHe  HaGAIOAeHHfl  38  M IMeHeHMBMH,  npOHCXOARmHMH  B pa 3AHMHUX 
npHpOAHUX  KOM IIACKC3X  nOA  BAHHHHeM  X03RAcTBeHH0A  ACRTeAb- 
HOCTH  MeAOBeKa 

IlepBue  pe3yAbTaTu  wccAeAOBaHHA  LU10I1  noKaauBaioT.  mto 
iipHpoAHue  KOMiiAeKCu  MHTeHCHBHo  3arpH3HRioTCB  KaneAbHO  nu.ie- 
BHAHUMH  BUOpOCaMM  npOMUmACHHOCTH  H OTOnHTeAbHUX  CHCTeM. 
BoAOeMU  3arpH3HHIOTCH  MHAKHMH  OTXOA3MH  npOMUm.ieHHOCTII, 
maXTHUMH  BOA 3MM  H CUTOBUMH  OT^pOCaMH,  OK3 31JB3KHUHM U (So.lb- 
moe  B.i hh h He  Ha  BOAoeMU  TyHApu  I lpn  <tom  nomiMacTca  khcaot* 
HOCTb  H y BCAHMHBaOTCH  MHHepaAHiailHH  BOA  B Oiepax.  paCHOAO- 
MCHHUX  BOKpyr  maXT.  MTO  BUJBaHO  OCeAaHMeM  M0AKM X MaCTHU  H3 
nuAeBux  Macc,  pasHociiMUx  BeTpoM  IlonanaiiHe  ctomhux  boa 
maxT  b BOAoeMU  buiwb.ict  rwOeAb  boahux  pacTeHHM  (Bexob, 
1974).  Ha6A»AaeTCB  noMTii  no.iHoe  MCMe3HOBeHHe  pu6u  b pvmi.hx. 
KyAa  ocymecTBAHeTCH  c6poc  maxTHUx  boa.  b oiepax  noMTii  bohcc 
OTCyTCTBVIOT  BOAHUC  6ecn03BCH0MHIJe  33  MCKAKJMeH  neM  XIipOHO- 

mha.  OAfiaKo  c yAaAeHHeM  ot  maxi  Ha  He6o.ibmoe  paccTOHHHe 

BHAOBOH  COCT3B.  MHCACH  HOCTb  H 6HOM3CCa  BOAHUX  GeCHOTBOHOM- 
HUX  lie  OTAHMaiOTCR  OT  T3KOBUX  nepH(|)HpHMHOH  TyHApU  Ahh.IHI 
CTaCiiAbHOCTH  cooOmecTB  no  MeTOAy  Max  ApTypa  (1957),  ocuo- 

B3HHUH  na  COOTHOmeHHH  MHCACHHOCTH.  flOATBepAHA.  MTO  HCKOTO- 

pue  BOAHue  cooCmecTBa  apKTMMecKoA  3ohu  Moryr  coxpamiTb 
cbokj  cTpyKTypy  ii  bhaoboh  coctbb  npn  cymecTBeHHOM  h3m«*hchiiii 
napaMeTpOB  cpeAU  (H.  B.  BexoB). 

B CBHiH  C B03paCTai0mHM  BAHHHHeM  3arpH3HCHIlA  BopKVTMH- 
ckoto  npoMumACHHoro  kom ruieKca,  B03HHKaeT  neofixoAiiMOCTb  my- 
MeilHH  B03AeHCTBMH  ra30-nUAeBHAHUX  BU6pOCOB  na  pacTeiiMH 
TyH/ipu  FloBumeHiie  h B03Ayxe  KOHiieHTpauMii  tbkmx  speAiiux 
raion.  K3K  S02.  H2S,  CO  npiiBOAHT  k HapyrnemiK)  h pacreHimx 
npoueccoB  (poTOCHHTe3a.  laMcAAennio  nx  pocTa,  oTpaBAenmo  n 
ni6eAii.  B pacTHTe.ibiiOM  noxpoBe  oKpecTiioneM  BopxyTu  oco- 
6eHHO  b ceBcpnux  ii  boctomhux  HaH(SoAee  3arpH3Hennux  m.uihx 
paAona,  OTcyTCTByiOT  AiimaAiuiKH  ripoiicxoAHT  CMena  bm  iohoio 
COCTaBa  H M OXO BOM  IIOKpOBC.  nOAHTpHXOBUC  MXII  4.1  Nil'll MK)T < H 
ayAHKOMiinyMOBUMH,  Ha  ceoepe  paMOHa  3aMeA.lHeTcH  pocT  ci|»ai- 
iiobux  mxob  ii  naMimaioT  ;ikthbho  pat  th  AiiKpaHonue  An  • mi 
3oau  pacTeiiMH  noKa3UBaeT  noBumeHHoe  coAep Mamie  iacci.  n I t*. 
Al.  Pb.  P 1 1 pH  Miiiicpa.iHsauiiH  pacTeHiiii  h hombi  orip.MNcUH 
Ct'pHHH  KIICAOTa.  MOBUIII.IKtUiaH  MlllpaUHOHliyK)  cnoco6nocTh  pHAa 

i.ieMciiTOB  (Al.  Zn.  Cu.  Mn). 

I lpn  npoBcACHMM  reoAoropa3BeAOMHUx  pa6oT  chai.ho  pa3py- 
UiaeTCH  paCTHTCAl.HIJH  llOKpOB.  MTO  HCH36eMHO  IipilBOAMT  K ACIpa 

AauiiH  MHoro.ieTiiHx  Meps.iux  rpyiiTOB  h 3po3Hii  iiomb  (A.  H Ky- 

J1MCB) 

HiMeiieniie  onpyxcaiomefl  cpe.iu,  yxyAiuemie  ee  coctohhhh 

npiiBOAHT  K o6cAH«*HIIK)  BIIAOBOrO  COCTBBa  II  COKpameHHIO  MHCJICH- 
HOCTH  H33eMHUX  1103BOHOMHUX  TyHApu.  B liepByiO  O'lepe.lb  OXOT- 
HMMbe-npOM UC.IOBUX  M XHUIHUX  BHAOB 

A6co.iK)Tiiue  yqenji  noKa3aAH  yMenbiuemie  iiaothocth  ihc3A0 
B3HIIH  IITHU  OC06eHHO  B 10-KIIAOMeTpOBOH  30lie  BOKpyr  BopKyTHH* 
CKoro  npoMumAeHiioro  KOMn.ieKca.  3Aecb  >kc  otmcmcho  coKpame- 
ii tie  Ko.iHMecTBa  nic3AHmHxcH  bhaob  nTHU  (no  cpaBneiimo 
c oKpvMaiomeH  tvhapoh  OTcyTCTByiOT  14  bhaob).  Ha  iipHMcpc 
nony.iHiiiin  Aan.iaiiACKoro  iioAopo)KHHKa  otmcmcho  H3McHemie 
M0p({)0(|»n  IHOAOIHMCCKIIX  H HACKCOB  BHVTpeHHIIX  OpiailOB  110.1  BA  HH* 
hih  M iarpH3iieHHH  Biieiiiiieii  cpeAU  Bo  BpcMH  bccchhhx  upo.icTOB 
i ii6hct  Macca  6cai.ix  KyponaTOK,  pai6HBaHcb  o npOBOAa  (B.  A./lo- 
OaiioBi. 

,'IlH  OIipcACACIIHH  CTCneHlI  BAIIHHHH  nilTpollOreHHUX  (JiaKTOpOB 
Ha  ripupOAHUt*  KOMIIACKCU  TyHApu  Ll/lOH  HaMllliacT  IipilMcHHTb 
ClIO.IOrilMCCKIIC  HHAHKBTOpU.  3tO  lipOKAe  BCCIO  pHA  BHAOB  MXOB 
II  AlimaHHHKOB,  HCKOTOpUe  C006llieCTBa  BOAHUX  6ecn03B0H0MHUX, 
CIIOC06»IUC  aKKyMy.lllpOBHTb  lipOAyKTU  IipOMUlU.ieH IIUX  3arpH3He- 
huh.  a TaKMt*  biiau  iithu  — hx  MOp(|K)<(>H3HOAorMMecKHc  napaMc- 
Tpu  (no  MeTo.i  ii  he  ahaA.  C C Ulaapua).  AHiiaMiiKa  mhcachhoctii. 
oco6ciiiiocth  6HOTonHMecKoro  pa3MemeHHH.  xoa  nepHOAHMccKiix 

H II. It'll i I II  n IIX  MII3IIII. 


V.  V.  Kryuchkov 

(USSR.  Moscow) 

THE  CHANCE  OF  THE  NORTHERN  ENVIRONMENT 
AS  A RESULT  OF  ITS  USE 

Forecasts  of  anthropogenic  impact  on  the  Environment  enable 
taking  steps  to  avoid  deviations  in  ecological  equilibrium  and 
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to  a chieve  more  harmonious  relationships  between  the  man  and 
the  Nature 

Soil  vegetative  cover  has  undergone  maximum  changes  in  the 
course  of  economic  exploitation  of  the  Extreme  North.  As  a result 
of  man’s  impact,  which  started  3—6  thou,  years  age,  in  combi- 
nation with  natural  processes,  the  northern  boundary  of  forests 
moves  southward;  thus  the  band  of  relative  forestless  of  the  taiga 
is  found  to  increase,  reaching  in  the  Soviet  North  about 
500  000  km2.  This  band  can  be  successfully  used  for  forest-plan- 
tations purpose. 

Construction  of  settlements,  mines,  air  fields,  roads,  oil-and- 
gas  pipelines  etc.  result  in  increase  of  forest  fires  and  lead  there- 
fore to  expansion  of  forestless  areas  in  the  northern  taiga  and 
forest-tundra  tens  and  hundreds  kilometers  down  to  the  South. 

If  we  assume  that  relative  forestless  of  tundra  will  be  increas- 
ing by  0,5%  every  year,  then  during  30  years  the  forestless  band 
will  increase  by  /5  000  km2,  i.  e.  vast  areas  of  the  northern  taiga 
will  change  into  forest-tundra. 

If  we  assume  that  tundra-like  territories  will  be  increasing 
by  1 % every  year,  then  during  30  years  the  forestless  areas  in  the 

North  will  iiu  rca*so  bv  150  000  km*  The  above  figii'r.  .ire  llu- 
least  of  possible,  for  40  50  >cars  ago,  main  cities  and  settle- 
ments in  th<  North,  now  found  in  forestlcss  .ire. is.  were  surround 
ed  h\  sparse  growth  of  trees  and  even  bv  forests. 

It  should  also  be  taken  into  account  that  more  than  i million 
deer,  both  domestic  and  wild,  cross  the  northern  boundnrv  of 
forests  twice  a year,  they  cat  young  sprouts,  leaves;  trample  down 
shoots  etc  Deer  herds  are  accompanied  bv  thousands  of  reindeer- 
breeders  who  use  trees  and  bushes  as  firing,  this  often  results 
in  forest  fires 

It  is  an  often  case  that  the  vast  territory  of  the  Extreme  North, 
with  its  permafrost  grounds,  and  mineral  resources  being  de- 
veloped only  near  industrial  centres,  is  devoid  of  flood-hinds; 
changing  marshes  into  meadows  is  impossible  under  permnfnM 
conditions. 

The  only  way  to  expand  agricultural  lands  here  is  to  develop 
tundra,  forest-tundra  and  northern-taiga  areas  l Ip  to  now.  more 
than  600  000  hectares  of  such  areas  near  industrial  centre*-  have 
been  exploited;  of  this  3000  hectares  fall  on  tundra  and  forest- 
tundra 

In  future,  these  territories  used  for  growing  vegetables  and 
fodder  grass  would  expand  forming  wider  concentric  bands 
around  industrial  centres  in  tundra  and  forest-tundra. 

Grounds  and  relief  In  1940  1950-s,  it  was  thought  that  per- 

mafrost hampers  erosion  development,  conserves  landscapes  md 
prevents  the  latter  from  rapid  changes  (Grigoryev.  1946.  Sokolov. 
1952)  However,  recent  decades  of  intensive  industrial  develop- 
ment showed  that  permafrost  grounds  is  a vulnerable  component 
of  the  natural  systems.  It  is  a natural  vegetative  cover  that  is 
capable  of  preserving  the  relief. 

An  intensive  growth  of  thermokarst-erosion  relief  coincides 
with  the  time  when  heavy  vehicles  first  appeared  in  the  Extreme 
North,  destroying  the  moss-grass  cover.  Thermokarst-erosion 
forms  of  the  relief  (chasms,  pits,  ravines)  appear  both  in  rainv 
and  dry  warm  weather  due  to  melting  of  surface  ice.  Ravines 
propagate  at  a rapid  rate  from  8 to  25  m per  year-making  vast 
areas  useless  for  economic  application 

Dust  is  an  important  factor  in  thermokarst  formation  growth. 
Shvctsov  (1964)  revealed  that  during  warm  periods  the  increase 
of  soil  temperature  and  hence  of  the  heat  flow  density  in  the 
upper  layer  occure  during  the  same  periods  of  time  from  the 
South  to  the  North  It  means  that  in  case  the  increase  of  tempe- 
rature of  the  air  and  soil  surface  is  the  same,  the  thickness  in- 
crement of  a seasonally-melted  layer  will  be  greater  in  the  North 
than  in  the  South 

This  fact  results,  in  particular,  in  a greater  number  of  thermo- 
karst lakes  in  tundra  as  compared  w ith  forest  tundra,  and  m 
forest  tundra  the  number  of  lakes  exceeds  that  found  in  northern 
taiga  If  anthropogenic  factors  (removal  of  the  moss-peat  layer; 
dust  formation)  are  added  to  usual  temperature  fluctuations  (2 
3 year  periods,  1 1 year  period  etc*  ) this  often  results  i'i  destruc- 
tion of  roads  and  buildings;  in  formation  of  water  basins  in  which 
buildings  submerge 

At  present,  10  20%  of  the  territory  in  the  vicinity  of  a num- 
ber of  settlements  is  covered  with  thermokarst  erosion  ravines, 
lakes  and  other  negative  forms  of  relief 

The  lack  of  eversurface  phytornass  and  roots  to  strengthen 
the  soil  results  in  intensive  bidding  and  frost  sorting  of  the  soil 
and.  thus,  to  expansion  of  territories  covered  with  spotty,  knobby, 
polygonallv  cracked  forms  of  microrelief 

It  is  known  that  the  abundance  of  phytomass  in  the  North  i* 
in  reverse  proportional  dependence  to  the  amount  of  zonal  micro 
relief  forms  mentioned  above;  these  formations  are  observed  mainly 
in  polar  deserts  and  in  Arctic  tundras;  as  one  moves  southward, 
the  number  of  these  decreases 

However,  as  a result  of  man's  activity,  polar  desert  and  \rctic 
forms  of  microrelief  are  now  found  in  forest-tundra  and  even  in 
taiga 
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Animals  As  a result  of  settlements  appearing  in  the  Nortli, 
some  birds  and  animals  get  shelter  and  food;  among  these  are 
skuas,  sea  gulls,  snipes,  blackbirds,  lemmings,  ermines,  etc. 

At  the  same  time  during  recent  decades  it  was  obaerved  that 
forest  animals  were  moving  to  the  Northern  tundra  zone:  elka, 
brown  bears,  red  foxes,  lynxes,  martens  etc  This  may  happen 
because  the  man  came  to  inhabit  the  tundra  However,  the  reason 
of  this  phenomenon  has  not  yet  been  cleared. 

Creation  of  artificial  phytocenoses  is  now  under  way,  i.  t. 
meadows  in  the  tundra  are  surrounded  by  forest  and  bush  banda 
to  improve  the  microclimate  and  to  raise  the  harvest. 

Just  as  zones  of  forest-steppes  and  steppes  are  used  for 
growing  corn,  in  a few  decades  the  zones  of  tundra  and  forest- 
tundra  will  be  used  for  foddergrass  cultivation  to  develop  local 
milk  cattle-breeding  and  reindeer-breeding. 

In  a few  decades,  the  greater  part  of  typical  tundras  and 
Arctic  tundras  will  apparently  become  zones  for  rearing  musk- 
oxen. 

Eoddergrass  cultivation  will  help  bring  to  a stop  the  expansion 
of  thermokarst-erosion  and  knobby  forms  of  the  relief  Wild  self- 
regulating ecosystems  of  Arctic  and  sul-Arctic  will  be  preserved 
only  in  reservations  which  should  cover  not  less  than  20%  of  the 
Extreme  North  territory. 


B.  B.  KppoHKoe 

(CCCP,  MocKBa) 


M3MEHEHME  nPHPOAN  KPARHETO  CEBEPA 
B CBA3H  C ETO  OCBOEHMEM 

riporno3bi  aHTponoreHHbix  B03-ieAcTBHH  na  npwpoay  aaioT  bo3- 
MOHOIOCTb  npMHHTb  Mepbl  K IipeOAO.ICHHIO  OTK.TOHeHHA  b ocoAorM- 
MCCKOM  paBHOBeCHI!  H AOCTHIb  Co.Tce  rapMOHHMHUX  B3aHMOOTHO- 
uiemiA  HtiJioBCKa  c npwpoAoA 

lluHoeHHO-pucTu TeAbHbiu  nonpoe  b upouecce  ocBoeHMH  KpaA- 
Hero  CeBepa  noABepraeTCH  nan6o.iLiiu  vy  HJMenenHio  Bo3AeAcT- 
Biie  MCAOBCKa  na  ceuepHyio  rpamiuy  JiecOB.  naMaBweecH  3—6  tuch- 
He.ieiiiH  TOMy  iia.ia.1.  b coHCTaHHii  c ccTecTBeH h n m h npoueccaMH 
BeaeT  k OTCTyn.ieiiHio  ee  k k>i  y.  bcju  jctbiic  mcio  BoipacTaeT  no.ioca 
oTiiocHTejibHoro  0e3.iecHH  Tyiupbi.  Ha  Cobctckom  Cceepe  ona 
pa HiineTCH  cefiMac  npHMepHo  500  tnc.  km2.  13  sroft  nojioce 
bo3mo>kiiu  ycncujHbie  jicconocaaKH  CTpoMTc.ibcrBo  Hace.ieHHbix 
nyHKTOB,  pyAHHKOH,  a-»pOApOMOB.  AOpOf  . HOCpTe-  H r a UHipOBOJOB 
h t a h conyTCTByKJiuee  hm  y bc.thmcmmc  nowapon  bc.tvt  k noipac- 
TanHH)  n.ioma.iH  Oea.iecHNx  ynacTKOB  b ceBepHOH  Taflre.  .TecoTVHApe. 

npOHH KHOBCHHK)  o6c3.ieCeHHNX  TyH.lpOflO.loftHbl  X VMaCTKOB  H3  It* 
CHTKM  II  COT H M KH.TOMeTpOB  K HUV  Ec.111  lipilMHTb.  MTO  OKerO.lHOe 
VBe.TimeHHe  OTHOCMTeAbiioro  6e3.iec»iH  Tyn.ipu  6yieT  npoiicxo.iHTb 
Bcero  na  0.5%  no  othoiu»*hhh>  k cymecTByioineA  no.ioce.  to  Mepei 
30  .u‘T  6ei.iecnaH  no.ioca  BoipacTeT  3a  cmct  .lecoTywipN  Ha 
75  Tbic.  km2,  t e.  uiaMHTe.TbHbie  paHOHN  ceBepHOH  Tamil  npcBpa 
thtch  b .lecoTyiupy.  Ec.ni  npMHHTb.  mto  Ty11.1pono.106H hie  Teppn 
Top hh  e>Kero.iHo  6v  ivt  yBe.iHMHBaTbCH  Ha  1%.  to  Mepei  30  act 
Oei/iecHUe  ii.iouia.iii  na  CcBepe  BoipacTVT  na  150  tnc  km2  3th 
umppid  HaiiMeiibiiiHe  in  roimomhnx.  nocKO.it.Ky  *0  50  ,ieT  Haia.i 

Miioriie  ceBepnue  ropo.ia  h noce.iKii  6bi.ui  OKpyHtoHU  peAKO.iecb 
hmii  it  Aa)Ki  .iccaMH.  a Tenepb  imxoahtch  ope.in  6ei.TecnNx  npocT- 
pBHCTB. 

Heo6.xo.iHMo  tbkwc  ynecTb.  mto  6o.iee  3 m.th  ro.ioB  o.ieHeA 
AOMauiHii.x  h ihkiix  iBa>KAN  h ro.i  nepeceKaK»T  ceBepHVio  rpa- 
iiiiuy  .lecoB.  o6KycMBHH  noApoci  o6i.e,iafl  nofierii.  .thcti.h  .iepe 
BI.eB  II  KyCTapilHKOB.  BNTanTI.IB.1H  BCXOAN  H t 1 Co  CTa.iaMII 
o.ieiu  A nepe.iBiu  aioicH  tnchmii  o.ieneBOAOB,  Hcno.ib jyKTimix  wa 
Ton.iiiBo  ii  .ipynie  Ontobnc  nyiK.ibi  .icpeBbH  n KycTapmiKii,  npii 
3 TOM  HOpe.lKO  B03HIIK8IOT  noJKapu 

Ha  orpoMHOH  TeppHTopiui  KpaAnero  CeBepa  c ero  bomhomcp 
3.1  Id M II  rpyHTBMH  11  OMaiOBNM  OCBOCHIICM  M II He [) a. 11. UN  \ pi’CvpcOB 
BOI.1l  npOMIdUl.ieHHblX  UeHTpOB  MBCTO  OTCyTCTByiOT  IIOHMN  pCK. 
a ocBoeHHe  6ojiot  iio;i  ,iyra  wa  bcmhoA  Mepizum*  iu-boimiukho 
C.IMHCTBCHIINH  nyTb  .1.1  H paCIUHpl'HHH  C0.1I.CKOXO  IH  MCTBtMIIIN  X VIO 
Ann  3,ieci.  <to  ocBOemie  Tyn.ipoHNv.  .leeotyiupoBNx  n ceBepo- 
lae/KHNX  JCMe.lb.  VjKf  B HacTOHUiee  BpeMH  BOKpV  I llpOMblUl.leHHO 
HH.iycTpua.ibHNx  m*»npoB  KpaAnero  CeBepa  CCCP  tskhx  leMe.ib 
ocHoeno  6o.iee  tiOO  tni  ra.  in  mix  B TVHipe  m .lecoTVH.ipe  OKO.lo 
3 tnc.  ra.  ti  .lJAbiieHim  w Teppuropmi  BOKpyr  npoMbiui.ieuHO  hh- 
.iycTpna.il. hnx  ueiiTpon  Tyiupia  n .lecoTyiupid  ibhhtmo  no.i  oboiu 
Hide  Ky.lbT)  pN  11  KOpMOBNe  IpaBld.  6y.lVT  BOlpaetaTb.  OKpV>K.IH 
i T II  UellTpN  Bee  Oo.Tre  UllfpOKHMIl  KOHUCHTpHMeCKIIMII  IIO.KHM  MM 

IhmnovpyHTM  u pe.ihrtfi  1 nu  b 19  50  x ro.iax  namero  cro.ietiiH 
IOCHO.lCTBOIia.ia  TOMKa  ipellllH.  MTO  HCMH.IH  Mep  3.10TB  lipeilH TCTBV  OT 
pa  iBHTHK)  ♦poilIH,  KOIICi  pBHpV  CT  .iail.lllia(|>TN  II  llplMlHTC  THV  OT 
hx  6»dcrpoMy  iumciuhhim  (A  \ EpmopbCB.  1946;  \ A Co 
KO.IOH,  1952)  llot.1l.1HHe  leCBTH.IeTIIH  HHTeHCHBHOrO  upoMNUi.ieH 
IIOIO  OCIMH  IIHH  IIOKB  lil.lll.  MTO  IIMeltllu  HeMMOMep 3.1  UV  ip\'HTN.  H.1 
( MIIK'IIIIMC  ,1b. 1,1  MM.  OMellb  yH  1HIIMNH  KOMHOHeHT  npilpO.TIINX  CM 
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cieM  He  bpm wan  Mepi.iota,  a ecrecTBeHHbiA  pacTHTeAbHuA  noKpoB 
CnOCOtteH  COXpaHHTh  p«MU(*4>  HHTeMCHBMljA  pOCT  Tt’pMOKapCTOBO 
spoaiiOHHOro  pc.ibetpa  coRii.iiaeT  c iiohb.iohmi'm  h<<  KpaAnevt  Ce 
Bepc  THWe.lUX  MaUiHH,  yilHMTOMtaiOiUHX  MOXOBO  TpaBHHHCTUA  MO- 
KpoB.  Tep»iOKapcTOBO  ^po3HOHHb»t*  4>opMbi  p^be^fl  — npocaaKH. 
npoaa.ibi.  oaparM  -- oftpaiynncK  ksk  b nowa/iMByio.  t«k  h ■ cyxym 
Ten-nyio  noro.iy  3a  cmct  t<jhhhh  noA3eMHWx  AbAOB  OsparH  pacTyT 
c 6o.it>uioA  CKopocTbK)  — ot  8 ,io  25  m b io,i.  npHMeM  HaHOo.iee 
HHTCHCHBHO  3a  CMeT  nOHBACH  MH  OTBepUlKOB,  BUBO  .IS  H3  X03*ACT 
BCHHoro  no.ibJoBaHHH  6o.ii.inne  ii.ioma.in. 

Ba*HblM  (paKTOpoM  pOCTa  TepMOKapCTOBblX  06p«l30BaHHA  RB- 
JIHeTCB  TBKMCe  3anU.ieHHC  II  O UlBeUOBWM  ll%4j  yCTaHOBVlfHO, 
mto  bo  BpeMH  noTenjieHHR  npHpaiueHHe  TeMnepaiypu  b noMBe  h, 
c.ie.ioBaie.ibHO,  n.ioTHOCTb  Ten.iOBoro  noTOKa  b Bt*p x hcm  ee  c.ioe 
y Be.iHiHBa iotch  b o.i h h h tc  ate  0Tpc  iKM  BpeMi*HM  c iora  Ha  ceni'p, 
T.  e.  npH  OAHH3KOUOM  nOBUIUCHHH  T(‘MIiepaTypu  B03A)'Xa  H no- 
BepxHOCTH  noMBu  npupauieHHe  to.hhhhu  ce30Hno-Ta.ioro  c.ior  Ha 
ceBepe  6y.ieT  6o.ibUJe.  seM  na  wit.  3to  cKa3NBaeTCH,  b HacTHocni, 
Ha  JHaMHTe.lbHO  ftOAbllieM  KOAHMCCTBC  TepMOKapCTOBblX  03ep 
b TyHape  no  cpaBHeiuuo  c .lecoTyiiApoft.  a b AecoiyHApe  no  cpaB- 
hchhk)  c ccBepnoA  TaAroft  Ec.ih  au*  Ha  o6umhuo  TeMnepaTypHue 
Ko.ie6aunfl  (2 — 3-„ieTHHe.  U-.h-thho  h t.  a.)  naK.ia.ibiBaKiTCH  am- 
ponoreHHue  (paKTopu  \ la.ieHne  moxobo  roptjniHHCToro  caoh.  3a- 
nu.ieHHe,  — 3T0  Hepeano  BtueT  k npona.iaw  11  paapyiuenmo  ,lopor, 
-UaMHH.  06pa30BaHHK>  B0.10CM0B.  B KOTOpWC  norpy)KaK)TCH  1I0CT- 
poMKH  h t.  n B HacTOtuuee  BpeMH  b oKpecTHOcTHx  pHaa  nace.ien- 
HUX  nVHKTOB  0T  10  AO  20%  TeppHTOpillI  nOKpWTO  TepMOKapCTOBO 
3po3HOHHUMH  oBparaMH.  npoBa.iaMH,  03epaMH  h .ipyniM n oTpuua- 
Te.ibHbiMH  (popMaMM  pe.ibeifia. 

yMeKbiueime  HaaieMnoA  (pHTOMaccu  h nopneA,  CKpeiunuomux 
noMBy,  BeaeT  k hiitchchbhom y nyqeHHio.  MopoiHoA  copTHpoBKe 
rpyHTOB  h cooTBeTctBeuHO  pocry  TeppiiTOpuA,  lanniux  orthh- 
ctumh,  6yropKOBaTiJMH.  no.iHrona.ibiio-TpemeHOBaTbiMH  (popMaMM 
MHKpope.ibe(})a.  H3Bcctho,  mto  Ha  CeBepe  o6hahc  (pHTOMaCCU  H 
KO.lHMeeTBO  HaSBaHHUX  30Ha.lbHUX  ()>OpM  MHKpOpC.lbe(J)a  Haxo- 
AHTCH  b o6paTHoA  nponopuHoHa.ibHoA  aaBMcHMocTu:  *thx  o6paio- 
b3hhA  6o.ibUie  Bcero  b no.iHpiibix  nycTWHHx  h b apKTHMecKii.x 
TyH,ipax.  no  Mope  ABiOKeitHH  k wry  ohh  yMeubmaioTCR.  Ho  Bcae.i- 
CTBMe  .leflTe.ibHocTii  Me.ioB*  Ka  b HacTOsmee  BpeMH  naei  npOABH- 
jkchhc  na  K>r  b AecoTVH.ipy  h >ia)Kc  raAry  — no.iflpHo-nycTUH- 
HUX  H apKTHMeCKHX  <f)OpM  MIIKpoptMbflJia 

WuaOTHblU  MUp.  ripOHHKHOBlHHe  MCAOBeKa  Ha  ceBep  CO  CTPOM- 
Te.ibcTBOM  Hace.iennux  nynKTOB.  Heii36e>KHbiMH  otxo/mmh  .laex 
HCKOTOpUM  JKHBOTHbIM  AonO.lHHTe.lhHbie  yKpblTHR  H KOpM  - no 
MOpHHKHM.  MaHKavt.  K V.l  H K a M , ApOlABM,  .1  e M M H H r a M . TOpHOCTaHM 
H .ip. 

BMeCTC  C 3THM  OTMCMCHO.  MTO  B not’AeAHHe  AtCHTHAeTMR  H8- 
6.iH>.iai*TCH  y ctoAmhboc  npo.iBii>KfHHe  /iecHWx  >khbothux  Ha  ceBep, 
b TyHApoByio  3ony:  ziocb.  6ypwA  Me.iBe.ib,  KpacHaa  zincHua,  pwcb, 
.lecwan  Kymma  it  ,ip.  IlpiiMnna  3Toro  hbachhh  ,io  kohub  ne  huhc- 
Hena  He  HCK.itOMeno.  mto  oho  cBB3ano  c npoABHiKCHHeM  MeAOBeKa 
B TyHApy. 

HaMHHaeTCB  C03A3HHC  HCKyCCTBCHHblX  4)HT0lieH030B  — la.lV/KCH- 
Hue  ynacTKH  TyHAp  OKOHTy pnaa kjtch  .iccoKycTapHHKOBUMH  no.io- 
caviH.  KOTopue  y.iyMuiaiOT  MimpoKAHMaT  no.ieA  h cnoco6cTB\u>T 
noBMUienHio  >po)KaH.  TaK  >*e  Kan  3ohw  AecocieneA  h ctcikmi 
CTa.IH  30H3MH  BOUC.lNBaHHH  XAe60B.  TaK  M 10HU  TyHApbl  H 
.lecoTyH.ipw  cTanyT  Mepe3  HecKo.ibKO  accbth.icthA  30H3mh  tp hbo- 
eeaHHH.  rAe  6y.ieT  pa3BiiB3TbCH  npHropoAHOe  mo.iomiioc  >k  11  b<> th. > - 
bo  act  bo  h oAeMeeoACTBo.  Bo.ibiuaa  MacTb  thuiimhux  Tyn.ip. 
a 7 aK)Ke  apKTHMecKHe  TynApw  CTanyT,  no-BiUHMOMy.  Mepe.i  ne- 
CKO.JbKO  AeCRTH.lCTHH  T3K>Ke  lOHOfi  pa  IBCACHHfl  OBlieObIKOB 

TpaBoceRHHt*  6yAeT  cn(Ho6cTBoBaTb  npcKpamemiK)  pocTa  iep 

MOKapCTOBO-  3p03H0HHUX  H MeAKoCyrpHCTIJX  (J)0p.M  pCMbCl}),!. 
H To.ibKo  b lanoBeAHHKax.  KOTopue  ;io.i  }K  hu  lamiMaTb  He  Me  nee 
20'  TeppHTOpiiH  KpaAHero  CeBepa.  6y.iyT  coxpaik'iiu  ahkik  c.i- 
MoperyanpyeMue  ^kochctcmu  ApKTHKii  n CyOapKTiiKii. 


Vu  G.  Zharkova 

(l  SSR.  Moscow) 

IMPACT  OF  CERTAIN  ANTHROPOGENIC  FACTORS 
ON  TLNPRA  COMPLEXES  OF  EUROPEAN  NORTH 
OF  THE  USSR 

In  connection  with  mteP'iM  coinomic  development  of  northern 
regions,  an  increasing  attention  is  being  given  in  the  USSR  to 
the  study  of  anthropogenic  impact  on  tundra  biogeocenoses  This 
impact  r.  great  and  mc)ud<  - the  lollnwmg  factors 

I Industrial  pollution  of  the  Environment,  which  often  results 
in  variations  in  physico  chemical  properties  of  the  air  and  soil 
This  in  its  turn  affects  photosynthesis  and  production  of  vege 
tails e communities  Industrial  enterprises  exert  influence  upon 
thermodynamic ai  processes,  which  is  of  .1  great  importance  under 
pcrrnafr»*st  conditions 


II  The  impact  of  transport  on  vegetative  cover  and  . soil 
Destruction  of  moss  cover  and  peaty  level  leads  to  increase  of 
melted  soil  level  This  results  in  degradation  ol  permafrost  and 
In  formation  of  thawing  spots  As  a result  ravines  and  pools 
often  come  into  being.  However,  it  is  not  always  that  thermokarst 
events  result  In  erosion  development. 

III.  The  impact  of  pasturage.  It  has  both  positive  and  negative 
aspects  1)  increase  of  plants  not  much  eaten  by  animals,  2)  bet 
ter  conditions  for  seed  germination  as  a result  of  destruction  of 
soil  cover  during  deer  pasturage;  3)  destruction  of  moss  cover 
and  peaty  level  on  the  steep  slopes  may  result  in  erosion  for 
mation. 

The  Bolshezemelskaya  tundra  is  a most  suitable  region  for 
studying  the  above  impacts.  This  region  combines  intensive  indu- 
strial development  (coal,  gas-and-oil  Industry)  and  agriculture 
According  to  a number  of  authoritative  specialists  (A  A.  Grigo 
riev  et  aT.),  this  region  is  a nice  model  for  studying  main  cha 
racteristics  of  tundra  landscapes. 

investigations  carried  out  in  the  eastern  part  of  the  Bolshe 
zemelskaya  tundra  (Vorkuta  industrial  complex)  show  that  coal 
industry  has  great  influence  on  biological  and  chemical  composi- 
tion of  water  basins,  i.  e.  the  amount  of  oxygen  is  found  to  de 
crease  by  1,5—2  orders  of  magnitude;  plankton  at  water-removing 
points  resembles  plankton  of  biological  winter  (amount  of  or 
ganisms-filtrates  is  found  to  reduce  by  60%). 

Pit  gases  pollution  exerts  great  influence  on  snowmelt  inten 
sity,  on  species  composition  and  phenology  of  plants,  on  produc 
tion  and  growth  of  flora  Vegetation  and  flowering  of  plants  near 
the  pits  starts  5—6  days  earlier  than  in  plants  communities  lo 
cated  6—7  km  far  away  from  pits.  Growth  of  willow  in  a willow 
grass-moss  communities  and  growth  and  production  of  sedge  in 
a sedge-moss  communities  near  the  pits  (at  a distance  of  0.5 
I km)  is  somewhat  higher  than  that  in  plants  communities  locat- 
ed far  away  from  pits,  by  30  35%  in  the  case  of  willow  and  by 
10%  in  the  case  of  sedge  This  is  explained  by  the  fact  that  near 
pits  the  depth  of  permafrost-melt  is  10—15  cm  larger  than  that 
in  plants  communities  which  are  not  subject,  or  subject  to  in 
significant  extent,  to  man’s  impact  It  is  an  often  case  that  in  the 
regions  of  coal  strata  development  there  form  gaps  which  are 
filled  in  with  the  earth  collected  from  surrounding  area  which 
exceeds  the  area  of  a gap  to  be  filled  in,  by  8—10  orders  of  mag 
nitude  As  a result,  vegetation  and  upper  soil  level  are  destroyed 
at  vast  areas,  and  it  takes  a long  time  tor  other  vegetative  groups 
to  form  here  However,  if  proper  land  reclamation  measures  are 
taken,  new  phytocenoses  can  be  created,  with  cereals  crops  pre 
vailing.  Productivity  of  these  may  be  much  higher,  than  pro 
ductivity  of  local  plants  community. 

The  impact  of  different  types  of  machinery  (tractors,  cross- 
country vehicles,  motor-vehicles)  is  very  dissimilar  when  used  in 
different  seasons 

Cross-couhtry  \ehicles  have  the  least  influence  on  tundra  bio 
geocenoses  when  they  drive  one  way  in  winter  individual  bushes 
damaged;  no  destruction  of  moss  cover  and  peaty  level  observed; 
thermokarst  crash  and  pools  absent  Dynamics  of  groundmelt 
observed  under  cross-country  vehicles*  track  in  winter  and  in 
local  plants  communities  is  almost  the  same 

Cross-country  vehicles'  drive  in  summer  results  in  destruction 
of  bushes  and  moss  level.  The  depth  of  melting  on  the  track  ex 
ceeds  that  observed  in  undisturbed  plants  communities,  by  12 
15  cm  The  maximum  difference  is  observed  in  spring  (15 
18  cm),  by  the  end  of  summer  it  comes  to  8 10  cm  On  southern 

slopes,  thermokarst  crashes  are  often  formed  along  tracks 

Tundra  phytocenoses  are  most  seriously  damaged  by  tractors 
bushes  and  shrubs  are  found  completely  destroyed,  moss  cover 
and  peaty  level  seriously  damaged  Damaged  moss  cover  slips 
along  the  tracks  down  the  slopes,  pools  come  into  being  the 
depth  of  melting  on  the  track  exceeds  that  observed  in  undisturb 
ed  plant  communities,  by  20  30  cm  In  the  following  vear.  pools 
20  50  cm  deep  are  often  formed  in  tracks 

1 lie  impact  of  motor  vehicles  on  tundra  biogeocenoses  may  be 
different  and  depends  on  intensity  of  the  use  of  landscapes,  espe 
daily  those  crossed  by  roads,  as  well  as  on  other  factors  It 
should  he  noted  that  the  depth  of  melting  observed  on  motor 
roads,  where  we  have  unclosed  moss  cover,  is  2 2,5  orders  of 
magnitude  less  than  in  local  willow  grass-moss  communities.  The 
impact  of  the  above  anthropogenic  factors  on  tundra  phytocenoses 
is  found  to  be  great  and  further  investigations  on  this  problem 
are  to  be  made 


tO.  r MapKnsa 

(CCCP.  Mockb*) 


BJ1HSHHF  HEKOTOPbIX  AHTPOIlOrFHHblX  ♦AKTOPOB 
HA  TVHAPOBblE  KOMIUlEKCbl 
EBPOflEHCKOrO  CEBEPA  CCCP 

B ca«)H  C HHTfHCHDHblM  XOlllAcTSrHHUM  OCBOrHHeM  CCBl'pHhlV 
paAoHOB  b CCCP  ace  6o.ii.iuee  BHHMBHHe  y.HMflCTCH  Hayuemno 
aHTponorcHHoro  B03acA(TBhh  Ha  TyHApoBbic  CiioreoueHoiu  3to 
B.1  IIHHHe  OrpOMHO  H CBOAHTCH  K C.lCiiyiOlllCMy : 

1 npoMuuj.ieHHOMy  larpn  ihchhio  cpeabi.  Macro  npHBOARiucMy 

K HlMCHeHHK)  (pHIHKO  \ HMHMPCKHX  CBOAdB  BOlAyxa  H nOMIJ.  KO- 
Topoe  b cbok)  oqepeab,  BoaaeAcTByeT  Ha  <poTocHHTe3  h npoayKmno 
paCTHTC.IbHUX  COOOmeCTB  BoAbUJOMV  B.1HHHHK)  npOMbllU.ieHHhIX 
npe.inoHHTHA  Ha  TepMOAMiaMHqecKHe  npoueccu.  mo  b ycaoBHH.x 
BPWHOH  MCp3.10TN  HMeeT  OMeHb  60AbLUOe  3H3MeHHe 

2 Bo3aeAcTBMio  TpaHcnopTa  Ha  pacTHTe.ibHuft  nonpoB  h noMBy: 
N HHMTOJKPHHe  MOXOBOW  nOKpOBB  H TOpfpH HHCTOrO  ropHJOHTil  B hi 
3NB3PT  VBe.lHHPriHe  MOUIHOCTH  OTTaHBUlCro  ropH30HT3  HOMBbl.  T.  e. 
npoHcxoxH t aerpanaunH  BewHoA  Mepi.ioru  h <popMn poBamie  t a 
•ihkob.  b pesy^bTaTe  qero  qacTO  ofipaayioTCH  oBparH  h.ih  npo- 
MOHHbi.  OaHano  He  Bceraa  TepvioKapcTOBbie  hb.iphhh  npiiboAHT 

K pa 3BHTHI0  3p03HH 

3 B.ihbhhk)  nacTbfiLi  rama,  KOTopoc  r TyHapp  hmcpt  h no.io- 
miiTP.ibHup  n OTpHiiaTp.ibMur  cToponbi.  a hmchho:  Ha  narrCmnax 
ync.iHMHBaeTcfl  oOh.ihp  MaaonocaacMux  pacTennA,  a n pciy.ib- 
t.itp  Hapyiut  iiMH  nano'iBfHiioro  nonpoBa  y.ivquiaioTcq  ycaoBim  aah 
npopacTaiiMB  ccmbh.  OanaKo  Ha  Kpynjx  cK.ionax  HapyuieHHe  no- 
.10CTHOCTH  MOXOBOrO  nOKpOBii  H 70p<f)HIII!CT0r0  ropH30IITa  MO>KPT 
npHBPCTM  K ipo.lHH. 

OiiTHMa.ibHbiM  panoHOM  a.ih  iiayqeHMH  B03AC‘Actbhh  nepeqnc- 
.iCHHhi.X  BblUJP  aHTpOnorPIIHNX  (J).'IKTOpOB  HB.1H0TCH  Bo.ribiiie3eMc.ib- 
c'Kaw  Tynapa,  rae  compt.iiotch  hiitphchbhop  paaBHTue  npoMhiui/ieH- 
hocth  (yroAbHOH.  r a 3011  c(|)t eao6u Ba louie A ) h ce.ibCKoro  xoiHiu-Tna. 
BoAbiueaeMe.ibCKaa  Tynapa.  no  Miieiimo  paaa  cneurtaancTOB 
(A  A rpnropbeB  h ap  i.  cjiyuciiT  npexpaciioA  Moae.ibio  a.ih  my- 
MeHHH  ooiobhux  xapaKTppucTHK  TyuapoBux  .iaHailia<|)TOB. 

Mcc.ieaoBamiH  npoBeacitiibie  h.imh  Ha  boctokp  Bo.ibiiiejeMc.Tb- 
CKuH  T>napb|  (BopKyTItHCKHIl  IlpOMbllllJieHHUA  KOMlMeKC),  nOK.I- 
aa.iH.  mto  yro.ibnafl  npoMbimacHnocTb  oKa.ibinacT  orpoMiioe  b.ihruiic 
Ha  0HO.1OI  HMeChHH  H XHMH'RTKHM  C0CT3B  BOAOCMOB  KO.IHMC- 
ctbo  Kffc.iopoaa  a eoaoeivfux  yueHLUiacrcn  b 1,5  2 pa 3a,  njiann- 
t°h  b MpcTax  cfipoca  HanoMimacT  n.iaHKTOH  CHO.iorHqecKoA  311x11*1 
(KoatmecTBo  opraim3MOB  ipHAbrpaTOB  VMeHbiuaeTCH  iia  60%). 

iaabIM.lPHHOCTb  UlaXTHUMll  1 a.KIMH  Cll.lbllO  B03aeACTBVPT  Ha 
HHTPHCHHHOCTb  cHeroTBHHHH,  mi  ioboA  cocTan  H (|)eHo.ioniio  pacTc- 
HI1H.  npOaVKUHK)  H IipHpOCT  paCTHTCAbllOCTH  B-  rPTH  11 HH  H UBPTC- 
hhp  pacTennA  Bfiainn  uiaxT  HaMHHaiOTCH  Ha  5—6  alien  paiibiue. 
MPM  B C0o6lUPCTBaX  paCnOAOJKCMHWX  n 6—7  KM  OT  MMX.  npupoi  t 
HBbl  B HBMBKOBO  pa  HIOTpaHHO  MOXOHWX  C006lHt*CTBa X.  a T.1K/KP 
npHpOCT  H npoaVKUHH  OCOKII  npHMOCTOHIHPH  B OCOKOBO-MO.XOBOM 
cooCmerTBp  rOamih  maxT  (b  0.5  I km  ot  luaxTu),  HecKo.ibKo 
Bump,  hcm  b coofimecTBiix.  yaa.ieHHbix  ot  mix  na  inamiTeabHbic 
paCC’TOBHHH  y HBbl  H3  30  35  y OCOKH  -na  10%.  3to  OfibHP- 

HHPTCH  TPM.  M TO  r.iy6l1H.i  OTTa HB.IHIIH  MPp3.10TN  b6aII3H  IUa\T  11,1 
10  15  cm  Oo.ibine.  mpm  b MecTax  mi  noaBcp>Kenm>ix  cobccm  h.ih 

no;iBep>KeHHUx  b HPinamiTP.ibHoA  CTeneiiH  bo laeAeTBiiio  'ic.ioneKa. 
MacTO  b MecTax  paipafioToK  yro.ibiibix  naacTOB  o6pa3yK»TCH  npo 
Ba.IN.  KOTOpNe  JHlUnaiOTCH  3PM.ieA  C OKpyWaiOIUHX  yqaCTKOB, 
nppBbiiuaKiuuix  no  H.iomaaH  npoBaAU  h 8 l()  paj.  li  peiy.ibT.iTP 

1TIIX  pa60T  IipOHCXOailT  yHHMTOJKeilHP  paCTHTCAbllOCTIl  II  Rep  \ H M X 
iopii3oiiTOB  no'iBbi  ii a orpo.Miibix  riAoiuaAHX,  rae  noHue  pacTHre.ib 
Hbie  rpynmipoBKH  oCpaiyioTca  o«ieiib  MeaApmio  Oah.iko  na  mix 
yqacTKax  npii  na,i.ivH<auutx  MCAiiopaTifBHUx  MeponpitHTiiHx  mojkho 
co3aaTt>  HOBhip  (|)iiToueiioji>i.  b KOTopux  fiyayT  npeo6.iaaaib  i.i.ikii 
K npoayKTIIBHOCTb  KOTOpWX  MOMCT  6blTb  3Ha'1HTe.TbHO  BI4(Ue,  «|pM 

Kopemibix  nopoa 

BAMHHMe  paiAIIMHblX  BliaOB  Mil  111  II 11  (TpaKTOpOB.  BC3aCXOaOB, 
aBTOMauiiiH ) h pamwe  re30HU  Beci.Ma  HeoaHmiKoBo. 

HaHMeHbinee  Banmuie  h;i  TynapoiiiJe  CHoreoiUMioiu  ok;mi>i- 
BaK)T  Beiapxoaw  npii  oanopa iobom  iipoxoMaemm  ihmoA:  ohm  no 
Bpe>KaaioT  OTacai.Hbie  KycTapHHKH.  ho  hp  iiapyuiaioT  moxobmA 
nOKpOB  ||  TOp(|)HHMCTIjlH  r0pl!30HT.  TepMOKapCTOBNX  IlpOCa.lOK  II 
npoMOHH  ho  uOpaiyprcH  ilmi.iMiiK.i  npoTaiiBamiH  rpyma  hot  h«*»- 
aexoawoA  ihmhpA  KoaeeA  11  u KopemiN.x  cooOmecTBax  iiohth  oan- 
HaKOBa. 

Mpn  .irii)kph iih  BPiaexoaa  .ictom  Hafi.no.iainTca  noBpoK.ieHiiR 
BycTa pHiiKOH,  moxoboio  ropH30HTa  ['.lyfiima  iipoTaiiBamiH  na  bci 
aexoaHOH  Ko.ice  na  12  15  cm  6o.ibiup,  mom  h iiPHapyuiPHitOM  co- 

f>6mecTBp  Oco6pmho  Be.niKa  pa3inma  b r.iyftmie  riporanHamiH 
bpchoA  (15  18  cm)  h MPHbine  k KOHuy  aeTa  1 8 10  cm)  Ha  h»/k 

HWX  CK.lOHaX  MO  TpaKBM  T\  CP  IIH  II  MaCTO  oOpiliyKJTCH  TCpMOKapCTO- 

bmp  npocaami 

HawfloabimiA  Bpea  TyiiapoBbiM  4>HToueH03BM  hbhocbt  Tpan- 
TOpbl  KycTapllIlKORMH  II  KViTapHH'IKOBMM  RpycM  npii  MX  Will/KP- 


HMH  OMBaKiT  riOAHOCTblO  yHHHTOWfHy.  « MOXOBOA  ROKpOB  H TOpffl* 
iihctmA  ropinoHr  — noapexaeNU  onenb  cNAbMO  Ha  Kpyryx 
cK.ioMax  no  TpanaM  ryceHHu  npoHcxoanr  cnoajaHHp  HBpyutmmoro 
moxoboto  noKpoaa  bhhi  no  ckaohv.  ofipajyioTca  npoMonny  T/iy* 
6mia  npoTaiiH.imiH  Ha  Ko/ienx  Ha  20  30  cm  OoAbUiP.  mpm  • o«py- 
>k.ih.ihhx  HtHapyujpHHyx  cooOuiecTBax  Flo  c/ieaaM  Tpaxropa  nj 
capayiomiiA  roa  nacTO  ofipuvioTca  npOMOHHy  m>6hhoA  20— 50  cm. 

B.ihhhhh  .iBToipaHcnopTa  Ha  TynapoBye  OnoreoueHOSy  aecbMa 
pa 3A HHHO  H 33BHCHT  OT  HHTeMCHiHOCTH  ABMXeHHH,  OCOOeHMOCTfA 
•laHamaifiToB.  no  KOTopy m npoxoAHT  Aopora.  h pnaa  apym*  ^aa- 
TOpOB  C.lPayPT  TO.IbKO  OTMPTMTb,  MTO  My0HHa  npOTINBaHINi  aa 
aBToaopore.  rae  hmpptch  HecoMKHyTyft  moxoboA  noicpoi.  a f— 
2.5  (>aia  mphi.ujp.  hpm  b kopphmmx  hbhhkobo  paiHOTpaano  Moxo- 
bux  cooftmecTBax.  HaHHiine  nepewHc.ipHHMx  awTponoreHHyx  ^ax- 
Topoa  iia  TynapoBbie  <})MToueH03y  oqpHb  bp.ihko,  h HccaeAoaaHsa 
no  ero  H3ym*MHio  caeayeT  npoao.ixHTb 


B.  B.  Borzhonov.  E.  K.  Borozdin, 
N.  O.  Dyachenko,  V.  A.  Zabrodin 

(USSR.  NoriUk) 


THE  DOMESTIC  REINDEER  INDUSTRY  INFLUENCE 
ON  THE  FLORA  AND  FAUNA 
OF  THE  TUNDRA  OF  THE  USSR 

There  are  about  2.5  min  of  domesticated  reindeer  in  the  So- 
viet Union,  or  almost  80%  of  the  world  number  The  reindeer 
industry  is  one  the  most  important  branches  of  the  Extreme  North 
Agriculture  and  the  basic  field  of  the  economy  and  material  wel- 
fare of  the  Natives  The  profitable  reindeer  industry  yields  the 
marketable  highquality  production 

The  reindeer  is  the  only  agricultural  animal  which  can  use 
the  scanty  north  pastures  all  the  year  round  drawing  into  the 
economy  the  enormous  tundra  and  taiga  territories  In  the  de- 
veloped reindeer  industry  regions  100  ha  of  the  reindeer  pastures 
yield  40  metric  centners  of  the  reindeer  production 

Nowadays  there  are  two  systems  of  the  reindeer  industry  ma- 
nagement in  the  USSR  open  herding  (the  animals  are  watched 
by  the  herdsmen  who  control  and  direct  the  reindeer  moving), 
and  close  herding  at  the  enclosed  pastures  (the  animals  graze 
free,  but  the  territory  is  limited  with  the  fence). 

The  various  management  systems  of  the  herds  influence  dif- 
ferently on  the  flora  and  faun3  of  the  ecosystems. 

The  Soviet  scientists  have  worked  out  the  north  reindeer  in 
dustry  management  system  which  ensures  the  highest  possible 
preservation  of  the  natural  ecosystems  It  is  accomplished  by 
means  of  production  process  planning  and  first  of  all  the  pasture 
utilization. 

The  Soviet  scientists  have  worked  out  the  reindeer  pasture 
capacity  norms  allowing  to  determine  the  possible  duration  and 
intensity  of  herd  pasturage  whithout  irreversible  plant  cover 
destruction.  One  of  (he  most  important  measures  for  the  reindeer 
pasture  preservation  is  the  so-called  pasture  turnover  providing 
one-year  utilization  ant  its  ‘‘rest"  within  next  two  years  The 
breach  of  this  system  causes  the  pasture  impoverishment  and  the 
distruction  of  the  ocosvstems  with  the  result  of  the  substitution  of 
the  lichens,  prevailing  in  plant  composition,  by  the  cereals  and 
sedges 

The  habitat  of  the  domesticated  reindeer  is  similar  to  that  of 
the  wild  animals,  that  is  why  the  close  contacts  and  complex 
relationships  exist  between  wild  animals  and  domesticated  rein- 
deer V a whole  with  the  development  of  the  domestic  reindeer 
industry  it"  influence  on  the  wild  life  increases 

The  domesticated  and  wild  reindeer  arc  competitors  in  the 
pasture  utilization.  Nowadays  in  the  areas  with  high  number  of 
wild  deer  (the  North  of  the  Yenisei  basin  and  Yakutskaya  ASSR), 
the  w ild  reindeer  number  is  regulated  and  somewhat  the  develop 
ment  of  the  domestic  reindeer  industry  is  limited  In  the  other 
North  areas  the  wild  reindeer  were  replaced  by  the  domesticated 
ones 

The  predators,  especially  wolves  cause  great  damage  to  the 
domesticated  reindeer  herds  Therefore  the  regular  wolves  control 
is  carried  out  everywhere  by  means  of  aviation  and  chemical  pest 
killers  Ihc  wolves  number  is  diminished  significantly  in  the 
Europe  tundra  of  the  USSR  and  in  the  North  of  the  West  Siberia. 

The  representatives  of  the  black  cock  family  and  the  waterfowl 
and  domesticated  reindeer  are  the  competitors  in  the  plant  cover 
utilization  The  complex  relationships  exist  between  these  animal 
groups 

In  summer  the  overgrazing  of  the  pastures  by  the  huge  dome 
sticatcd  reindeer  herds  causes  the  destruction  and  trampling  of 
some  territory  where  the  ptarmigans  and  geese  dwell  The  nests 
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arc  ruined  too.  Hut  in  winter  and  spring  the  snow  digging  made 
by  the  reindeer  in  search  of  forage  helps  ptarmigans  and  geese 
to  get  forage 

The  infectious  invasional  diseases  must  he  taken  into  account 
for  the  thorough  understanding  of  relationships  between  the  do 
mesticated  and  wild  reindeer  Necrobactenosis,  bronchopneumo 
nia,  mange,  brucellosis,  oedemagenosis  and  even  anthrax  are 
common  both  for  wild  and  domesticated  reindeer  Epizootological 
conditions  are  connected  with  the  wild  deer  number,  their  migra- 
tion pattern^  and  pasturage  routes  Such  diseases  as  anthrax, 
brucellosis,  mange,  foot-and-mouth  disease  etc.  are  able  to  com 
municate  from  the  domesticated  reindeer  to  some  species  of  the 
wild  animals  (deer,  wolves,  mooses,  arctic  foxes)  Even  nowadays 
brucellosis  and  anthrax  are  the  most  dangerous  because  the  na 
tural  resource"  of  these  diseases  exist  in  some  north  regions 
Because  of  the  great  resistance  of  the  spore  form  Bac.  antracis 
to  the  environment  impact  the  possibility  of  the  infection  of  some 
species  such  as  wild  reindeer,  mosses  and  predators  exists  during 
many  years  after  this  disease  outbteak  in  the  herds  of  domesticat- 
ed reindeer  The  appearance  of  brucellosis  in  the  domesticated 
reindeer  herds  influence  negatively  on  such  large  populations  of 
the  wild  reindeer  as  Taimyr  and  Yakutia  populations  Therefore 
it  is  necessary  to  make  a routine  disease-prevention  measures  in 
order  to  prevent  the  disease  spreading  among  the  wild  animals. 

Only  when  undertaking  the  proper  measures  for  wildlife  pre 
vention  the  domestic  reindeer  industry  will  influence  less  nega 
tively  on  the  tundra  and  taiga  animal  world 


B B BopwoHnn.  3.  K.  BopouluH.  H.  O.  JlbHieHtco, 

B.  A la6poduH,  P.  H.  me.iKynotui 

I ( .('CP,  Hopil.lbl'K) 

BJlHMHMf  AOMAWHETO  OJ1EH FBOACTBA 
HA  PACTHTFJIbHblR  H WHBOTHblR  WHP  Ty H/IPbl  CCCP 

R CCCP  na  'iiiThiBu'  TCH  oko.io  2.5  mih  uoMauiHiix  ceBepHbix 
O.ieiK'll,  MTO  Kkiaii.lHCT  IIOMTH  90‘ „ MX  MlipOBOfO  IIOIO.IOBHH  O.IC 
HeBO.UTBO  HB.1H-TCH  O.IHOfl  113  OCHOBHI4 X orpilC.ieA  Ce.IbCKOXOlHH 
CTReHKOrO  lipoi'  U\  -ACT B A W.\  KpaVMOM  t .1  «r]>f  H OCHOBOH  *KOHO- 
miikh  u Matepiia.ibiioro  O.iarono.iymiH  KopeHHbix  napoAon  CeBepa. 

b H XOANTCll  Hfl  Kpyi  tOrOAHMHOM  naCTfidlUHOM 
*.ii  ;>>k«immii  .ti  i (UitMCTBeHiioe  ceui.cKoxo mAeTBeiiKoe  >KHBOTHoe, 
< iioco6ho*  iu  no.iu.iORa  rb  CKyAHbie  ceBepnue  naciffmua  lamiMaio- 
tmu  orpoMMUe  Tepp  :TopMii  Tyiripw  u laiini. 

li  nai  roniuee  rifn-MH  b CCCP  npHMeimKvrcH  ibc  chctcmi4  Bc.ie- 
ui'M  » iriieBo.tcTna  cTiuiibiu  UMiiac,  Kor.ia  ah  both  Me  hhxoahtch 
i n noctoHHHUM  'i  -6 IK)  achhc  m nacTy.xoR,  pervvmpyioimi  x ux  tie- 
j i iHH/h.  HMe  no  riacrfSiuuaM.  u no.iyRo.ni.Hoe  coAepHtaiuie  na  010- 
pojfct'HHbix  nacifiiiUlax.  Kor;i.i  >kh  both  Lie  oahii  nai  vtch  na  Teppii- 
roprni  orp.iHimi-MHoA  turopoAbio.  TIpii  pajHhix  ciicTCMax  coAepnea- 
miih  o.ieiteH  Bo3*ieHcTBMe  cTa.ia  na  >KitBOTHbift  it  pacuiTe.ibHwA 
MI'P  pa.I.IHMHO 

P.i3pa6oTaiinaB  n Cobctckom  Omojc  ciiCTeMa  bc.ichhh  ccsep- 
noro  o.ii-ueBo.icTBa  ofiecnemiBacT  ' KciiMa.ibHoe  coxpaneiiiie  erre- 
iTBenubix  Ghoiicho job.  3ro  ocyue  ib.'ihctch  c noMouuan  n.iaunpo- 
b.oiiih  neex  npou (Bo.icTBeuiibix  npoueccoB  n,  n nepuyio  OMcpeAb, 
m no  il.  oBaniiH  nacTOnui. 

C m leVCTpoACTBOM  BIJ.K- IVOOTCH  nacT6nuta  I.1H  nieCTH  CC30H0B, 
i yneToM  rmraHMm  i Koro  coctbb.i  pacTCimA.  ({nrroMaccu  n ioctvh- 
HocTH  naciftiiHi  a.ih  (i.K'hcA.  PaipaOoTanid  nopMu.  no3Bo.iHK>nine 
i ih  Kaauoro  riaciftiiuiHoro  ynacrKa  onpe.ie.niTb  hoimiokhvio  a.ih- 
ie.ii.noi  rb  II  HHT.  HCHBHOeTb  Bbinac  a CTa.ia  603  HeofipariiMoro  na 
pymeHMB  pacTiue.ibnoro  noKpoB.i  ‘b  iKiii'icrKfiH  n.Toma.ib.  neofi- 
\o  iUM.’H  .ih  Bbinaca  o.moro  o.ichh  n ro  i.  ko.ic6.ictch  r paiHbix 
piftOH  I feC  U KM*  M ' ( XK)  ' t 0.1H  IM  in  RIA 

MvAutltX  MeponpllHTHH  IIO  COXp  ilieH  IK)  O.UHbtlX  UHl  l6lUU  HB.1HK>TCY1 
TI;i('T<flM:ieo6opOTM  oftecnCMHR.llOlllMe  HCnO.1blOB.IMHe  ynacTKOR 
b TeMiiuie  o.moro  roan  *l  «OT.*bi\*  iiacT6nm  b h-mcmhc  abvx  .ict 

Hni'ft.noaeHiie  v<  TaHoB.iennoA  cmctpmm  npnno.iHT  k ocKy.it* 
h:ik»  nai  rftmu  n hr  py  men  too  Ohouchovih  b peiy.ibTare  tero'pa- 
CTIITe.IbHWe  rpVnmtpOBKH  C n}  e<)rt.J:i,1UHH(*M  I Mlll.l AhHKOB  3BMeHB 
Klim  i.iaKaMii  n oiOKavn 

Cpeaa  oAitt.-ihhh  loMaiOMiix  o.ieneA  b ochorhov  rxo.ma  co 
cpeaoA  oflMTaMHH  .ihkhx  mkrotiimx  Novtomv  Meat.tv  .no  umh  am 

BOTH bl Mil  II  .lOValllHHMH  OneMHMi*  ( Vlllei  TByiOT  t Cl'H Mi  KOHTHKTI4 
II  C.IOJKIIMe  Hla HMnoTHOlIH  HUB  Ilo  MC|ll  pa  IRHTHB  LOM.lUIHlTO 
oieHCBoicTBa  ero  R/iHBHHe  na  aifKvio  (fiayHy  BOJpactaeT 

AoMaUlHHe  II  lMKHe  O.TfHI'  HB.1HI' )TCB  KOHKyp*  MTaMM  I)  HCnO.lb 
jouaHHM  nai  iChiu  B jpaAonax  • ibim*M  ko  ih«uctbom  iiikhx 
o.ieneA  ibiiiircAcKNft  CeBep  II  Mkvt.  k.ih  \<  ( Pi  d uccTOHUiee 
BpfMH  npOifUMTCB  MepOflpMRT MB  no  pC  V THpOB  olMH>  MlldCHHOCTM 
ihkhx  o.ieHeii  ir  a onpe.ie.icHHbix  npei.\iax  orpaHiiMiiBaercn  pai 
BIITHe  TnM.1IIIH.ro  O.ieHeBo.Ji  TB.I  B OCT  a II.Mbl.X  p.lHOIlax  C'cRepa 
,tii kmc  o.ieiiH  (Sm,ih  RMreeiienid  i 'M.iuihmmh 


Xhiuhhmi.  h oeo(SeHHO  bo. i k it.  nanocHT  6o.ti.ihoh  ymep6  ct.i  iaw 
.lOMauniHX  o.ieneA.  noiTOMV  noBcoMe- tho  hi  motch  ii.i.iimv.  pnoe  h< 
HCTpe6.ieHHc  c noMombK>  aBHaumi  h c hi tio  ibioh.m  s m . ■ , mu 
kbtob  Miic.ieHHOCTi.  bo.ikob  juaHHTeibHO  coKparn.iaci  h TyiMpax 
I.BponeAcKoA  nacTH  CCCi>  n na  ceBej>.-  3ana;tHon  ( Tifinpn 

KoHKypeHTaMH  ceBepHbix  o.ieneA  b n ho.ii  iob.immm  patTHTe.ib 
iioro  iiOKpona  hb.ihk>tch  TeTepeHHHMe  n bo.hh  .i.iB.iH.inm  C.Kyien 
HUH  Bblliac  AOMaiUHHX  O.lflll  H B .leiHIlfi  liepin.,1  HpMHO.ni:  K CTpaB 
JIHBailllK)  11  Hbll  .III ! IJH.IHHKi  Oia'IMTe.lbHOH  TeppmopilH.  Il  l KOTOpOH 
o6iiTaK)i  kv ponaTKH  h rycH.  Crpa.i.iK  n run.ia  >thx  hthm  Rm*- 
ere  c tcm,  b ihmhiih  h BecemiHH  nepiio.i  BUK.iMMBaHHe  o.ichhmh 
Kop mob  iu-uo.1  ciicra  o6.iei  Mai  l iiypoiia rh.iM,  a n mpn  np»  • 1.1 
h ryi  HM.  .io6biBaimi'  Kopv.i 

kapTUHa  BaaiiMOOTHouieinui  mcjk.I)  AOMaumiiMii  •.*  ihkhmh 
o.ieiiBMii  6y.ieT  .la.ieKO  in  ho.ihoh  «•; . in  ynirbiB.iTt.  H.i  iimmi 
1 1 K UUOH H U X H HHBaiUOHUUS  t.i6i).lCB.IHHH  V .OIKH  • * 

KilK  II  V .TOMaUJIlHX,  BCTpe'IUKlTCH  IliKpoCa  K I epMo  i . 6; -on-  [14-1 
HUH.  MCCOTKa.  nOAKOJKHOOBOAOBaH  HHB.I3HH,  6pyUe.1.1C3  II  ni'b 
CHOiIJICKHH  H3B3.  3l1tn00T0.10nmeCK.IH  o6cT;illOB-*a  1.0  iTHM  l.i6'J 
.It'B.iHHHM  BO  MHOrOM  3dBIICHT  01  HHC.UHHOCTH  .IHKHX  O.li  HCH  IU 
TO  A MX  Mill  pattern  H MapmpvTOB  BUH.iCa  CTB.'t  AOM.IIiniHX  ' ICIU-li 
T.IKHC  6o.1l  Ulil.  K«l K CH6HpcKaH  H.IB.I,  CpyiK.I.IC  i.  n * OlK.i.  hh:  I 

H ap  , 1 1 p 1 1 MX  [IOHB.il  HHH  B CTn.l.lX  .10  Mil  IUH  HX  - clIi'H  Mo!  T ■ 
XOJHTb  II  na  HOKOTOpble  BIIAbl  THKIIX  >KM  BOTH  MX  ( O.ICHH.  H-  b 

bo.ikii.  necuu).  Oco6eniio  onaciiMMii  b »tom  othoukii  -i:  :.m  :hk»* 

CH6lipCK.IH  H3BB  II  6p>  IIC.I.le.1.  TUK  K.IK  B OT.'li  M l i.l  v HUM  X < ' 4.  - 

AO  HilCTOflUIcrO  BpCMCHII  C> UlcCT BVK1T  Ilo  iBi  llHb'-1  npMJio  *hm- 
o'lam  »th.\  ui6o.ieB.iHMH 

BWCOKSH  pe3MCTeHTH0C1b  cnopOBOH  (|>OpMbl  U'Ura  > 

K BO  ill  MCTRMIO  BHOIUHcA  Cpe.TM  o6yc.ToH.lMBa-  T I 
pa>Kl‘HHH  Cll6HpCKoA  H3B0H  K.lK  AHKHX  O.leih'H  II  AOCi  H.  ' :K  M ll  ' 
KOTOpbIX  XH  LUHldX  >KHBOTHW.\  Mil  H ] 1 ' I H /KellllH  ACCHlKnli  ' r HO 
BCnblUiCK  3T0H  HH(J)eKUHH  B CTH.taX  .TOMBIUHHX  O.irilCI 

3HiimiTc.ibHaH  .lapaJKemioeTb  6pyii-  .i.ieiov  - tut  v hhiu1 
OAenen,  k;ik  h npiipoAiiwe  OMarn  jtoA  *ih<|"  kiimii  mo/Kot  n.m, 
B036yAUTe.ieM  3a6oACBaHnA  b tskhx  Kpynnux  riony.iHiiHHx  .ihkhx 
jkhbotrux  KtK  rBAMUpcKaR  h BKyTCKan  B rroA  cbbih  h kak  - 

Te.IbHO  B.i/KHOe  3liaMCHHC  HMCCT  i HCU*M.)  II pO(j» M.'l BKTII Mi  CKII  v *1- 
pOnplfHTHH  HO  60.1C3I1HM  AOMaUlllHX  O.lelli'H.  h-HOpafl  !'.j"  i'  T 

TUT  n pi  XOfl  6o  11 1 I U KHX  IKMBOTHbIX  i ■ 

CTBAeilHH  liaAAOKaittHX  MCpOIipHHTHH  MO  OXpaii*  AHKOH  't  ' 

AOM 3 III (ICC  O.IOHCBOACTBO  K.1)KAblM  rOAO.M  6\ .1*  T MrllMlle  O l.l 

nan  OTpHnaTc.ibHbix  bo.iacActbiih  na  >khbothi4h  Miip  i 

h TaAm. 


P.  P Shchelkunova 

(USSR.  Norilsk) 

THE  LICHEN  LOVER  CHANGE  CAUSED 
BY  THE  HI  WAN  ACTIVITY  AT  THE  NORTH 
Of  THE  YENISEI  BASIN 

Nowadays  manx  scientists  pax  attention  to  the  liclntn  is  tin- 
part  of  the  plant  cover  and  basic  forage  reserw  in  tin  remd. , r 
husbandry  Forage  biomass  change  depends  firs*  of  -II  on  tin- 
geographical  zones  and  sub  /om’s  which  are  clearly  observed  at 
tin-  North  of  Yenisei  Ba"io 

I he  Arctic  W ildt  i m s Zotw  I he  zone  is  of  i 
because  there  no  lichens  there,  and  the  green  forage  - - - 
extremely  low  (1.12  metric  centner  ha  I . 

The  Arctic  I undra  Zone  This  -/one  is  interesting  only  as  f-- 
summer  pasture  zone  reserve  h- . ansc  the  green  forage  -upplv 
is  low  (2.XH  metric  centner  ha) 

i h-  sub  'one  of  N r!h  suh  \rctn  I im.tr  i 1 hi*  green 
supply  higher  M.'»  metric  ci  inner  ha)  I here  .1  r . the  Mimni-: 
reindeer  pastures  which  arc  used  intensively  only  by  the  wild 
reindeer  in  . is  sub  zone 

I la*  sub  zone  of  the  Widdl  - Arctic  l undra  I In  gr-  en  f -r  ig 
supply  and  lichens  is  higher  (4.(^  metre  centner  ha  and  <M>1  met- 
ric centner,  ha.  respectively ) 

There  are  pastures  which  are  used  for  the  domestic  reinde- 1 
husbandry  111  this  sub  zone 

The  sub  zone  H South  suh  \rctn  lundra  I he  green  forag- 
supply  is  maximum  of  .ill  Taymyr  suh  /mii"  ( 4 metrn  cent 
ner  ha)  hut  the  lichen  supply  is  |,5H  metric  centner  li.*  Vh»  • 
are  the  spring  and  autumn  pastures  there 

Ih-'  sub  zone  of  Extreme  North  I arefi  l ight  f orest  (Inn 
tundra)  The  green  forage  supply  is  aun.-st  sunn,  to  that  o!  I 

ub  Arctic  r undr  • (4.'»u  metric  centner  ha)  but  tin  Itch  n 
supply  is  higher  (4.t»o  metric  centnei  ha)  than  a'  the  Smith  s 
aretii  Tundra  fins  subzone  is  of  gnat  . literal  irn ,*  >r t .- n- 

It  is  the  winter  range  of  the  main  amount  of  the  reindeer  live- 
stock 

The  Suhzone  f the  North  I.og-  Light  I orest  has  tin 
stantul  gt a — and  shrub  forage  supply  it  JA  mrln  cemn  ha) 
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an^  the  maximum  lichen  supply  is  5.94  metric  centner/ha  I tie 
mount  shape  is  the  characteristic  feature  of  this  area  (500 
1500  m above  the  sea  level)  The  grass  and  shrub  forage  supply 
(3.75  metric  centner  ha),  the  lichen  supply  (5.58  metric  cent- 
ner ha)  are  characteristic  of  the  mount  forests  and  light  forest-, 
belts  At  the  mount  tundra  hell  the  forage  biomass  supply  is 
lower  the  green  forage  is  1.39  metric  centner/ha,  lichens 
1.75  metric  centner  ha  The  subzone  vegetation  is  used  for  the 
reindeer  pasturage  all  the  year  round 

The  Middle  Taiga  Forest  Subzone  The  lichen  supply  is  ex 
tremely  low  and  the  grass  and  shrub  forage  supply  is  lower 
than  in  the  north  taiga  larch  forest.  I he  north  part  of  this  sub 
zone  is  used  as  the  reindeer  pasture 

The  change  of  the  plant  cover  under  the  anthropogenic  impact 
at  the  north  of  Yenisei  basin  is  connected  with  the  use  of  the 
plant  cover  as  the  reindeer  pastures  and  with  the  industrial  de- 
veloment  rate  of  the  Fxtreme  North  regions. 

These  phenomena  cause  the  density  and  height  lowering  of 
lichens,  the  lichen  falling  out  from  the  overground  cover  that 
results  in  impoverishment  of  the  plant  composition,  lowering  of 
lichen  biomass,  reduction  of  lichen  association  area  The  most 
active  process  of  the  plant  cover  delicheni/.ation  takes  place  at 
the  subzones  of  the  middle  south  subarctic  tundra  and  forest 
tundra 

The  industrial  development  of  the  territories  at  the  Taimyr 
causes  a small  reduction  of  the  lichen  area  (0,2%).  though  this 
process  is  accelerated  Within  the  last  decade  78,4%  of  the  area 
is  used  for  industrial  development  The  lichens  of  Cladonia  and 
Cctrana  which  are  the  basic  winter  forage  for  the  reindeer  were 
grazed,  knocked  out.  damaged  on  the  area  of  I min  ha  or  0.12% 
of  the  Taimyr  peninsula 

The  anthropogenic  factor  influences  on  the  lichens  are  sub 
stantial  around  the  settlements  and  north  cities  ir  the  vicinity 
of  slaughter-houses  and  on  the  areas  near-corral  plots 

The  great  changes  of  the  plant  and  overground  cover  are 
characteristic  of  those  area  whore  mechanical  transport  (tractors 
and  cross-country  vehicles)  is  intensively  used  It  is  associated 
with  both  the  mechanical  influence  on  the  plant  and  ground  cover 
and  the  subsequent  erosion  processes  accelerating  the  soil 
washing  away  up  to  the  permafrost  and  flu*  ravine  foimation 
As  a result  of  the  long  mechanical  impact  the  lichens  assn 
ciations  are  replaced  by  the  sedge-cotton-grass  associations 
The  most  ruinous  for  the  lichen  is  the  fire  impact 
One  of  the  most  important  measures  for  the  preservation  and 
reproduction  of  the  lichens  directed  b the  research  expedition  on 
the  pasture  production  exploration  is  the  rational  pasture  util i 
zation  that  means  the  corespondent*  of  the  grazing  system  and 
the  rate  of  stocking  with  the  plant  o-ver  composition,  the  forage 
biomass  supply  md  lichen  reproduction  periods 

In  order  to  the  plant  cover  fir1  prevention  the  Fxtreme  North 
Agricultural  Research  Institute  (Norilsk)  suggested  in  1975  the 
tundra  and  taiga  aviation  control  of  the  Wnisei  basin  North 


P.  n.  Ill*'  IKIfHOHU 

ICCCP.  I lopH.-.WK) 

M3MLHF.HMF  J1 M IU  AR  H MKOBOLO  flOKPOBA 
fioa  BJ1MHHMFM  X03HRC.TBEH HOW  HFH  I EJIbHOCT M 
HFJIOBEKA  HA  F.HHCFRC  k()M  ( FBI  PL 

B iiacTOHlUee  Bp«MH  Bee  6oii>iue  BiiUMaime  iici.ieaoBaTe.ieii  n 
npaKTIlHoR  IIpMB.leK.h  T COCTOHHHr  .1111113  All  ■ K< HI  K.IK  CO*  T.llilioil 

4bct w pacTim auiiovo  itoKpona  n ouioisu  KopMOttoft  6a  o.nuv- 
bo  n tna 

KopxioBaH  tJaiToviacca  ihmuimciih  npew  w ncero  n laBin  an 
cth  or  i coi  p.uJni'M  i khx  ioii  ii  mu  ion  mctko  npoc.ioKiinaioiii.ivt  n 
iia  l-imceiicKoM  Cent  pc. 

3ona  no.iHpHW.x  iiycrwiib  \o mu.  im  imoio  ma'iemm  lie  iiweeT, 
Tan  Kan  noeiaeMuc  o.n  new  iMiuaimaMi  oTcyicrByioi  a jjwicu 
IC.leHblX  Hop  MOB  Ilpel*  .11.110  IIHJKI1  (1.32  u/ia). 

IlOAJOH.i  apKTII'lee  KMX  Tyil.lp  1 Ipe.'IC  I .ill.IRCT  IIIITepeC  IlMIII. 
Kan  pejepB  .leTHMX  nacTfmui,  tiik  k.ik  jauacw  ic.ichm  KOpMoa 
HU3KM  (2.88  U/l  a). 

Ihuioiia  e citepiiux  cyfiapKTH'n  vkiix  Tyii/ip  JaiiacM  h .ieiiux 
KOpMOB  6o.ue  BUcoKMe  (3,9  u/r.i)  B no i tone  pacuo.iai  amreR 
.leTHHe  o»ii’iibii  nacTCHUia.  aKTMBHo  iiuio.ibiiv  Kiumeoi  noKa  iinnib 
AHKHMH  o.ieMMvn 

llo.iioMa  cpe.iMHx  i y6apKi trie*  kiix  tyinp  3an«Cbi  3e.iem.ix  it 
< II  hwiii>  K M a ROM WHe  < BepHhIX  Cy6apK 
thmcckmx  ry»up.  ii  cooTBeTCTBeimo  coeraB.iHKiT  4,38  u/ra  u 
0 »»l  u/i  a B ii  -M"<  • p«cno.io/Kcniji  iiaciOiima.  nciio.ib.iye.Mwe  air 

O.lt  Mt  ItO.H  IBa 

I'ojlOMa  KtAIIWV  ty6apKTMMe.  KMX  lyHAp.  CocpeioiOMciiu  Via- 
KU**  a.ibMWe  111  bccx  Iioaioii  I aiiMbipa.  laiiaen  le.leHbix  KOpMOB 


4,99  u/ra  n 3iiaMHTe/ibHwe  aanacu  jiHUjaAMHKoB  (1.58  u/ra).  3Aecb 
pa  iMeuuoorcH  Becemme  n ocemme  nacrOHiua. 

Iloiiona  KpaiiHe  ceBepHbix  pcakoctoAmwx  incrBemiHmiux  *ie- 
cob  (AecoTyuupa)  Jauacw  ae.ieHUx  KopMOB  6iH3KH  k 3anacaM 
b iion30He  io>KHbix  cy6apKTH‘iet  kh  x TyiiAp  (4.90  u/ra),  a 3anacu 
.iHiuaHHHKOB  jHaRMTeibiio  Bbiuie  (4.65  u/ra/.  i IoA30Ha  h m eeT 
6o.ibuioe  xo3HMCTBenHoe  ma'ienne.  3hmuh  b neA  BunacaeTCH  oc- 
HOBiioe  noroAOBbe  ojichcA. 

lloA30na  ceBepoTae>Knbix  peAKOCTofmux  .lecoB.  XapaKTepHbi 
3iia'uiTe/ibHNe  3anacw  TpaBHimcThix  h KyciapmiKOBwx  KopMOB. 
cocxaBJiHiouiHe  4,23  u/ra  h MaKCHMa.ibHUe  3anacbi  iHma  Amhkob 
(5,94  u/ra).  Ilo/uone  cbohctbch  lopuwA  pe.ibeip  (600—1500  m 
na;i  ypoBHe.M  Mopn).  B noHce  ropHbix  lecoB  m peAKOieciiA  3anacu 
TpaB  ii  KycTapiiiiKOB  codaB.iHioT  3,75  u/ra.  a jauacw  .imuaAHH- 
kob  — 5,58  u/ra.  B iiorcl*  ropiihix  Tywip  OTMcnaeTCH  cHuweiiHe 
KOpMOBWx  3anacoB  (f)HTOMaccw:  3e/ieiibio  KopM a ne  npeBUUjaiOT 
1.39  u/ra.  a jiHLuaAm;.;oBbie  — 1,75  u/ra.  PacTHTe.ibHotTb  noA30Hbi 
HUTeHcHBiio  mc no.i biyercH  air  Bunaca  ojichcA  b tcrckhc  Bcero  roAa 

IloAaona  cpe;uieTae>KHWx  jiccob.  3aiiacu  /IHiuaHHHKOB  pejKo 
cnii/KaioTCH,  a janaebi  TpaBUHMCTUx  m KycTapHHKOBhix  KopMOB 
Hll/Kf,  ‘ItM  B IIOA30HC  CeBepOTBOKIIWX  .lllCTBeHHHMHblX  ZieCOB.  B Ka- 
•lecTBe  o.ieiibHx  naciCmu  ncnoAb3yeTCH  npeiiMyuiecTBeHHO  ceBep- 
liaH  MUCTb  n0A30Hbl. 

H3Meiieni!H  pacTHTe-ibHoro  nonpoBa  nou  b.ihrhmcm  ampono- 
renHoro  B03AeAcTBUH  na  EiiMceAcKOM  CeBepe  cBHianw  nan  l upo- 
ucccom  sKcii.iy aTaini m pacTHTe.ibnoro  noKpeiBa  b KaMecTBe  OACHbMx 
nacrOlim,  TaK  ll  c yCMACHHCM  TeMIIOB  npOMblUJ.ieHHOrO  OCBOeHMH 
paiionob  Kpaiinero  Cempa.  IlpoMcxoAMT  cHHaventie  bwcotw  m ry- 
CTOTW  .IMUianilMKOB,  BblliaAeHHe  MX  Mi  HailOMBClIHOlG  JIOKpOlia.  HTO 
OOeAHHCT  BMAOBOM  COCTaB  paCTMTC.1  bllOCT  M , UlH/KUeT  epHro.MaCCy 

AHUiaTfUMKOB,  coKpauxaeT  iMomaait  AHiRaflHHKOBUX  accomiBtufA. 

UaH6o.iee  aKTHBiio  npouecc  Ae.i HXMHH.iaunH  pacTMTe.ibnoro  no- 
KpoRa  OTMenaeTCR  b no.iionax  cpcAHHX  h kdkhwx  cy 6a pKi M*iec  khx 
Ty hap  m b .iccoTynApe  CoKpauxeHiie  n.iouraAH  .iMuiaAiiMKO- 
ii w x rpyrimipOBOK  3a  chct  m ii.rtmr  levie.ib  no.i  npoMbiiu.iCMHoe 
ocBoenne  na  Tafivibipe  HemamiTe.ibHoe  (0.02  o).  xotr  npoueec 
3TOT  yCKOpRCTCR . 78.4%  111  MCnO.lb30BaHH0ft  1.1  R npOMWUJ.ieHHWX 
ueieA  naoiuam  naiacT  na  noeieimie  10  .ieT 

BecbMa  pamiMW  .iMUiaHHHKii  ripii  HepauiiOHa.ibiioM  hcmoii.io- 
B a H H M TV  HipOBOM  II  THOKHOH  *K0CHCTeM  B KaieCTBe  OieMbMX  IiaCT- 
6uiu.  mto  npoc.ieauiBaeTCR  na  npo<})M.iRx.  nepeceKaioiUMx  nonoiibi 
cpe.uuix  u kdkhwx  cyftapKi unci  ku x TyHip.  .iecoT\Hipy  (3ana.i- 
HWH  M UeMTpa.lb HWM  TaHMWp) 

n.iouia.u.,  Ha  KOTopoA  .iiiiuaHM  ii  km  hi  poAOB  Lladoniu.  ( ■ntra- 
ria,  npcicTaB.iRiounie  ochobhom  immhmh  KOpM  o.ichr.  cTpaBieiibi. 
bw6htw.  nospoKACH i.i  BC.ieiCTBiie  nepeBbinaca  na  TaiiMwpe  co 
CTaB.iReT  oko.io  1 Min.  ra  ii.iii  0.12%.  3ta  TepptiTOpMR  b Bine 
hoaocw  npocTiipaeTCR  b MepHinona.ibnoM  HanpaBiemm 

BecbMa  noinepavenw  b.iiihhmk)  anrpoiioreimw.v  bo neAcTBiiii 
aMUiaUHHKH  BOKpvt  HOCe.lKOB  It  CCBCpIlWX  TOpOAOB.  B OKpeCTHOCTRX 
yOoHHwx  nyiiKTOB  n na  npiiKopa.ibHbix  ynacTKax. 

Bo.iee  r.iy6oKin*  MiMeHenuM  pacniTe.ibHoro  m no'iBCMHoro  no- 
KpoBOH  XapaKTepHW  1.1  R NUCT.  lie  npilMeHRCTCR  MexaHMReCKIIM 
TpaiienopT  (TpaKTopu.  Bene.xoiu)  3to  cbriuho  kmk  c MexaHime- 
ckiiv  noaieflcTBHeM  na  pacTUTe.ibiibiM  n noMBeimufl  nonpoB.  tbk 
ii  c noc.ieiy KiuiiiMM  fiypnwMii  *po3iiOHnwMH  upoueccaMii.  ycKopH- 
k hum m h pa  eviwnaniie  noun  ao  Mnoro.ieTiieMcpi.iwx  rpyinon  m o6pa- 

lOB.ome  OBp.l : iB. 

B peiy.ii.T.He  i.uiTe.ibiioro  MexaHimeeKoro  boi.h  “icrBitB  na  in- 
in  a Ah  mkii  'in  me  iipoucxoiMT  eMeHa  iix  oeoKOBO-nyuiimeBWMii  Haii- 
6o.1ei  I y6llTe.il. HO  1.IR  . 1 111113 HH II KOB  BOJieflCTBHC  HOJKapOB 

Ai •iiixiiMii  latiMii  paciMTe.ibHoro  noKpoBa  ciioco6cTByeT  c onion 
eropoiiw  .lei  KJR  llOBpe/K  l.ieMOClb  .IIIIUcIAHIIKOB  MC X 3 H II ‘ICC K M M 
BOlieih  I Blh' V| . OroCellHO  B Cy.XOM  COCTOHHMI1,  .1  C ApVTOft  CTO- 

poii w Ma.iwfi  lOAoiioH  npMpocr  pat  lemiA 

Oihhm  iii  r.i.iHHUx  MeponpiiMTiin  cnocoficTByioiUMM  coxpane- 
II It K>  H BOCIlpOII  iBO.lCTBy  .lHIliaAnHKOB  RB.IReTCH  CHCTCM.I!  11‘ieCKII 
npoBo  uiMoe  B < ( ( P tevi.n  ycTpoftcTBo  TeppiiTopini  o.ieneiio  me 
ckh.v  xotRiurn  Haiipaaiciuioc  na  pauHona.ibHoe  ncno.ib30uanne 
o. leu i. ii v ii.icioimi  npii  KOtopoM  iiaipyiK.i  h i natiOiiiua  h ciicTeMa 
iix  cTp.miim.uinM  npunoiiiTCH  11  cootbctctbmc  c 6oTanH4ecKH vi 
COCTailOM  p It  THTe.lbHOlO  IIOKpOMU.  iail.lt.lMH  KOpMOHOII  4,|,ro 
Mart  W H CpOKBMH  BO.lofillOB.lfHHM  .1111113 AlIMKOB. 

B Ilf. Ill  V oxpaiiw  paCTIITe.lbHol  O IIOK|H>l»a  OT  llOK.ipOB  mo  npe  I - 
AOJKfHHKi  I lav 'UIO  lift  Me  lohai*  II.CKOro  IIHCTII I I.I  t1?.lbCKOIO  XO 

iHMCTBa  K pa hii ei o < cBepa  d IfopiiibCK)  t 1975  i h TympoBOH 
ii  TaoKiioH  lonax  LmueAcKoro  Ceoepa  ocyiuec t nine i cm  anua- 
iiaipy.mpoB.iHiie 
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V.  V.  Kryuchkov 

(USSR.  Moscow) 

CAUSES  OF  TREELESS  TUNDRA  ZONE 

Our  research  workers  have  established  that  for  the  growth  and 
development  of  trees  and  large  shrubs  in  the  Subarctic  Pice# 
obovata,  Larix  sibirica,  L.  dahurica.  Alnaster  fruticosus,  Betula 
tortuosa.  Sorbus  glabrata  — the  daytime  air  temperature  should 
exceed  10  -11°  during  several  hours  for  25  -30  days  in  the  sum 
mer  period  If  warm  days  come  up  to  this  number  during  the 
warm  period,  then  the  above  plants  would  have  their  branches 
grown,  the  generative  and  vegetative  buds  formed,  the  shoots 
Signified  and  so  on  That  means  that  plants  complete  their  vege- 
tation. Comparison  of  these  minimum  warmth  conditions  necessary 
for  the  vegetation  of  trees  in  the  Subarctic  with  actual  warmth 
conditions  at  the  northern  border  of  sparse  growth  of  trees  shows 
that  the  real  limits  ol  polar  spars**  growth  of  trees  are  consider 
ably  further  south  than  their  possible  warmth  limits 

The  south  treeless  belt  of  tundra  where  there  are  warmth  con- 
ditions for  the  growth  and  development  of  trees,  but  the  assoeiat 
ions  of  trees  are  absent  except  for  single  trees  and  sparse  isolated 
wood  islands,  are  suggested  to  be  referred  to  as  a belt  of  relatively 
treeless  tundra  To  the  north  of  the  belt  of  relatively  treeless 
tundra  trees  cannot  grow  in  the  open  soil  because  of  lack  of 
warmth  This  is  a belt  of  absolutely  treeless  tundra  Numerous 
causes  advanced  for  explanation  of  a treeless  tundra  (winter 
drying  of  trees,  deficit  of  seeds,  aggressiveness  of  moss,  and 
bogging  up  etc.)  could  relate  to  the  south  tundra  — the  belt  of 
relatively  treeless  tundra  There  is  only  one  cause  in  the  belt  of 
absolutely  treeless  tundra:  lack  of  warmth  for  tree  growth  and 
development 

The  belt  of  relatively  treeless  tundra  coincides  mainly  with 
the  subzone  of  south  bushy  tundras  This  is  a potential  forest 
tundra  The  belt  of  absolutely  treeless  tundra  coincides  with  the 
sub  ones  of  arctic  and  typical  lichen  moss  and  shrubmoss 
tundras  Th»*  area  of  belt  oi  relatively  treeless  tundra  is:  37 
40  thou  km2  m the  Kola  region  of  the  Subarctic.  00  thou  km2  in 
the  East  European  region.  150  thou  km2  in  the  West-Siberian  re- 
gion. (K)  100  thou  km?  in  the  Central  Siberian  region,  fit) 

?0  thou  km2  in  the  East  Siberian  region;  35  thou  km2  in  the  Far 
East.  10-  !2  thou  km*  in  Scandinavia;  about  2 thou,  km2  in 
Iceland;  2,0-  2.5  thou  km2  in  South  Greenland;  40—50  thou,  km2 
in  Alaska,  300  350  thou  km*  in  North  Canada  Including  Lab 
l rador  That  means  that  the  belt  of  relatively  treeless  tundra  in 
the  Subarctic  equals  820  920  thou  km* 

The  studies  have  shown  that  U'  der  the  conditions  of  perma* 
frost  there  are  three  tendencies  in  the  dynamics  oi  the  northern 
boundary  of  forests  I is  degradation  and  retreat  of  the  northern 
boundary  ol  sparse  growth  of  trees  to  the  South;  II  is  tendency  to 
the  advance  of  Polar  forest  boundary  towards  tundra.  Ill  is  sta 
tionary  state 

I Under  the  conditions  of  damp  cold  climate  and  low  tempera 
ture  frozen  thickness  (minus  3°  and  lower  at  the  depth  of  8 to 
10  m.  i t at  the  loot  of  the  layer  of  annual  temperature  variat- 
ions) tile  northern  border  of  forest'  tends  to  retreating  Let  us 
examine  this  process  taking  West  Siberia  as  an  example  The  ty  pi 
v ally  flat  places  s c “plakors"  of  tins  region  generally  consisting 
of  boulder  loams  .ire  characterized  b\  the  sparse  growth  of  trees 
Larix  sibirica  on  peat  gley  soils  The  height  of  trees  is  3 to  0 in, 
the  closing  of  crowns  is  0.2  m The  thickness  of  moss  cover  is 
4 6 cm  I he  soils  thaw  out  t<>  the  depth  of  50  60  cm.  The  snow 
cover  is  80  -100  >m  In  thes.-  biogeocenoses  (elementary  ecosys 
terns)  under  the  conditions  of  damp  climate  and  smoothed  relief 
moss  grows  intensively  With  an  increase  in  moss  mass  the 
warning  and  aeration  of  soil  is  impeded,  its  te  mperature  falls,  the 
layer  of  season  thawing  out  becomes  thinner  At  the  same  time 
the  conditions  ol  plant  nutrition  become  worse  since  mineral 
matters  are  taken  from  the  continuously  dec  reasing  volume  of  soil 
Tree  s and  bushes  begin  perishing  The  tree  and  bush  vegetation 
becomes  more  sparse,  which  results  in  blowing  out  snow  from 
these  areas  Mosses  without  snow  shield  (with  snow  cover  depth 
less  than  15  20  cm)  die  off,  the  surface  of  moss-peat  layer  is 

broken  by  frost  cracks 

The  increasing  drynes-  and  snow  corrosion  complete  destroying 
the  moss  peat  lever  which  general!)  dot's  not  exc  eed  here  15 
20  cm.  Spots  of  mineral  ground  appear. 

Taking  into  account  the  dissociation  and  small  «izes  of  islands 
of  sparsely  grow  ing  leaf-bearing  frees  one  « an  suppose  that  the;, 
would  degrade  in  thes**  lands*  ap*-  i a result  of  uicressjons  with- 
out man’s  interference  But  the  interference  of  man  extra  pasture 
of  deers,  heavy  grazing  of  vegetation,  felling  of  trees  for  different 
needs  leads  to  an  intensive  growth  of  the  number  of  derivative 
biog*  o*  mosr  of  anthropogen  origin  That  me  ans  that  in  the 
north  of  West  Siberia  as  a result  of  self  development  of  biogeoee 
noses  with  the  invariable  climate  leafbc.inng  tree-  degrade*  and 
the  polar  forest  boundary  retreaS  to  the  south  Thus  the  b*  It  of 
relatively  treeless  tundra  extends 


II  Tile  Last  European  Subarctic  s characterized  by  high  tem- 
perature. c losr  to  0 frozen  thickness  S f a state  is  very  unst- 
able  During  usual  periodic  warmings  the  thickness  of  season- 
thawed  layer  increases  which  leads  to  lowering  the  waterproof 
frozen -horizon  and  favours  greater  warming  of  the  upper  soil 
lasers,  miiu  i part  of  warmth  spent  for  the  evaporation  of  sur 
plus  moisture  • spent  f or  warming  th»*  soil  All  this  promotes  the 
catch  bv  wood  v*  gr-tation  of  favorable  if.  ground  soil  respect  warm 
pi.  e>.  which  are  located  near  the  forest  tundra  border  or  forest 
islands  7 sources  of  seeds  At  the  places  caught  by  w«>od  vegeta- 
tion there  i'.  j.  umulatcd  more  snow  than  at  the  surrounding  tree- 
less tundras,  which  Prevents  from  an  intensive  winter  freezing  and 
promotes  the  degradation  of  high  temperature  frozen  ground  under 
forest  islands  Therefore  m such  biogeocenoa«s  the  thickness  of 
thawed  layer  is  not  less  than  3 m The  frozen  ground  here  is  not 
merging,  i e the  layer  of  winter  freezing  is  2.0  2.5  m and  is  not 
connected  with  the  upper  surface  of  permafrost  grounds  situated 
deeper  than  3 m This  is  an  indication  of  degrading  frozen  ground 
The  catch  of  tundra  areas  by  wood  vegetation  results  in  better 
microclimate,  degradation  of  frozen  ground,  i • in  biogeocenosis 
landscape  succession  During  warming  new  forest  islands  appear 
at  the  border  of  tundra  and  forest  tundra  and  those  existing 
extend. 

But  in  the  Last  European  Subarctic  there  are  observed  directly 
contrary  processes  as  well  growth  of  moss. peat  layer,  appearance 
o’,  frozen  ground  and  its  "hardening",  death  of  trees.  This  occurs 
at  smooth  and  slightly  concave  places  with  clayey  and  loamy 
grounds 

The  high  temperature  frozen  ground  characterises  the  Yukon 
Basin,  the  south  coast  of  Hudson  Bay  and  other  areas  of  North 
America.  In  these  regions  there  was  fixed  an  advance  of  wood 
vegetation  towards  tundra  areas  (R  Griggs  1934;  .1  W Marr, 
1948).  R I Hansel.  D.  A.  Chant  (1971)  noted  that  the  growth  of 
fir  tree  ort  new  territories  took  place  in  the  years  of  best  weather 
conditions  1888.  1931.  1960 

III.  Tin  stationary  state  of  the  northern  boundary  of  forests 
is  peculiar  to  some  areas  of  the  Central  and  East  Siberia  with 
their  continental  climate,  comparatively  warm  summer,  more 
broken  relief  than  in  West  Siberia.  Under  these  conditions  there 
is  not  observed  such  an  intensive  growth  of  moss  at  so  called 
“plakors”  as  in  West  Siberia 

At  the  same  time  in  the  whole  Subarctic  and  on  all  conti- 
nents Europe.  Asia.  North  America  there  is  fixed  an  unques- 
tionable retreat  of  forest  boundary  as  affected  by  man  fires,  fell 
ing,  extra  pasture  of  deers,  industrial  press  destroying  vulnerable 
ecosystems  of  the  North  ctx.  All  this  contributes  to  extending  the 
belt  of  relatively  treeless  tund  i 

The  belt  of  relatively  treeless  tundra  occupying  in  the  northern 
hemisphere  about  one  million  square  kilometres  is  an  arena  of 
futuu  forest  land-reclamations  which  could  improve  the  climate 
and  the  gas  balance  of  the  atmosphere  But  at  present  it  h neces- 
sary first  of  all  to  stop  the  retreat  of  forest  border  to  the  south 
and  the  extension  of  the  belt  of  relatively  treeless  tundra 
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ii  t.  a Ceicpwre  noAoew  oTHOCHTeAbiioro  6i-3AecMH  naxoAHTCH  no 
.ioc*  •OconioTHoro  6e3.iecHH  TyHApw  HpiiMMua  aOcoAioTHoro  6e « 
.iecM*  TyHApw  OAHa  He.iocTaTOK  ren.u  aah  pocia  m paaBiirHH 

aepeabe* 

flonoca  OTHocMTeAbiioro  6e3Aecn«  TyiiApM  coenanaeT  b ocmob 

MOM  C n0A30H0ft  IOKHMX  KyCTapHHKOBUX  TyilAp.  TO  CCTb  <TO  MO 

TCMUHa.ibHan  AecoTyMApa  I IoAoca  aticoAiOTHOro  6c3.tcchh  Tyiupu 
coanaAaeT  c no.iaoHaMH  apKTimeCKHx  n TwnimHWx  AmuaftHii 
KOBO  MOXOBbIX  H K>CTapMHMkOBO  MOXOBbIX  TWl.'lp  Il.lOlU.lAb  HOAOCU 
OTHOCHTe.lbHOro  6C3AeCMH  C.ICAyKUUan  H KoAbCKOM  CCKTOpe  C>6 
apKTHKH  — 37—  40  TWC  km5,  BocTOMHo-EBponeftcwiM  Wtmc.km1, 
3anaAHo  CH6HpcKOM  • 150  twc  km5.  Cpium*  Ch6mpckom  'JO 
100  TWC  KM2.  BoCTOMHO-CwOMpCKOM  60  70  Tbli  KM2.  Ha.IbMC 

BOCTOMHOM  — 35  TWC  KM2.  0 CkaHAHHaOMH  |0  12  TWC  KM*. 

B Mc.iaHAHH  — OKOAO  2 TWC  KM2.  H K»KHOM  TpCIIAaMAMM 
2.0—2. 5 twc  km2,  na  Aahckc  40  50  tuc  km*,  b cCBcpiiOH  Ka- 
Haje,  BK.iioMan  /laCpaaop,  300  350  twc  km2  Tbkhm  ofipaioM. 

no  a oca  OTHOCHTe.lbHOro  6e3AeuiH  Tyiupw  h CyOapKTHKc  pa  bmh 
ctch  820  -920  twc  km2 

HcC.ieAOB.1  HHH  MH  yCT3  HOB.ieilO.  MTO  B yCAOBHHX  HCMHOM  MC[M- 
AOTW  HMeiOTCH  TpH  TCHACHUHIl  B AUM.IMHKC  CCttepHOIt  rpailllUW 

accob:  1 — AerpaAauttfl  n oTciynamie  nn  tor  ceBipHoft  rpammw 
pCAKOACCMH.  II  — TCHACMUHJ1  K liaCTyiiaMHK)  MB  TVHAp)  nOJIflp 
noft  rpaHHuw  accob.  111  - cTauHOHapnoc  coctohhhc 

I B ycAOBHBx  BAaaoioro  xoaoahoio  K.uiMaTa  n hiiikotcmiic 

paTypHOH  MCP3AOH  TOAliUt  ( m Hiiyc  3"  M II  If  >KC*  if  a iAy6mie  K 10  M. 
to  ecTb  na  noAoiuBc  caoh  ro.ioBwx  koaiO.ihmh  TCMnepaTvp)  ccBOp- 
nan  rpaHHua  accob  iimcct  tchaciiuiiio  k oTCTynamiK)  PaccMorpiiM 
3TOT  npouecc  Ha  npiiMcpe  3ana.inoii  Cm6ii|»ii.  21a  h n.iaKOpoB  3toco 
pemoHa,  caokchhw.x  o6umiio  BaAyiiHWMii  cyrAiuiKaMii.  cboiVt 
BCHHW  pCAKOACCbH  113  LurtX  SlbiriCU  lia  TOpt|>HIIHCTO-l  CBWX  IlOM- 
B.IX  BwCOTa  ACpCBbtB  3-  ()  M.  COMKIiyTOCTb  K poll  0.2  ToAimuia 
MoxoBoro  noKpoaa  4 6 cm  Uombm  ott.iiib.ikh  na  50  (»0  cm  Bw 

cot  a cHeroBoro  noKpoaa  80  100  cm  B stiix  Onorconcnoiax  (<ac- 

MCHTapHWX  3KOCHCTCMBX)  B yCAOBHHX  BAaiKHOlO  KAIIMOTO  II  BW* 

pomicMMoro  pcAbcipa  hact  HMTciicMDiioc  iiapacraiiHe  MXOB.  C ypc- 
AIIMCHHCM  Maccw  MXOB  jatpyAHHCTCH  lljlOl  pCBallllC  II  a 3»pa IllIH 
nOMBW.  UOHIDKacTCB  CC  TCMncpBTypa.  VMCHbUiaCTCB  CAOH  CC301IH0V0 
npoT.iMBamiH  O.monpi  vu  hiio  yxy.uu.iioTi  h vc.ioihih  iiinaiiim  pa 
C Tell  lift,  T3K  KaK  MHIICpaAbllWC  BdUCCTlia  Mcpil.lK)  TCH  113  Hlll|K‘- 

pwRiio  yMciibiiiaKJiiurocH  o6u\ia  mombw  ILenmann  i nr»n y ti»  ;ie- 
prHI.VI  II  KyCTapilllKlI  2lpcBl‘CHOKyCTapilHKOB;iH  p.lCTIITCAbllOCTl. 

« raiioBiircH  pa3poKcinicc,  «i i o in  n i k cMciamno  cium  a c iaMi\ 
X'laCIKOB  Mxil,  AIIIIIIIBIIIHCI.  CIH  innoii  lailUITW  I II pH  MoillllOi  TII 

ciici.i  MciibUJt  15  20  cm),  orMiipaioi,  noucpxnocTb  Moxouo-iop 
<J>hii  mctoio  caoh  pa jOnuacu  h Mopo3o6oMiiWMit  TpcimmaMii.  21a.ii* 
ncHUiic  yBCAimcMiie  cyxocTH,  a tbkikc  cneioiiaH  Koppojim  okoh'M- 
TCAbHO  pa3pymaiOT  \IOXOBO-Top(|>HHIICruft  CAOH.  KOTOpUH  oOwmho 
He  lipt'BWUiaiT  3ACCb  15  20  CM.  rioHBAHKJTCH  IIHTHU  MHHepa.Ib- 

Horo  rpyiiTa. 

.V'lHTWBafl  pa306lUCHH0CTb  II  HcfiOAbUIHe  pa3.MCpW  OCTpOBKOH 
AHCTBCHHII'IHWX  pCAKOACCHH,  M02KHO  lipCAH0AO>KHTb.  MTO  II  6c3 
BMCUlaTCAbCTBa  MCAOBCKa  OHM  6l>l  /RTpaAMpOBa  .III  B 3T II X AaHA 
uiaipTax  n pcasAbiaTv  cynueccim.  Ho  BMeuiaTeAbCTBo  MCAOBt’Ka 
(ncpcewnac  oachch.  BwOiiBaiiHe  pacTHTCAbiiocTH.  BWpyOKii  Acpc- 
BbcB  na  pasAtmiOiie  ny/K.iu)  Be  act  k HUTciicuBuoMy  pociy  ko.th- 
MccTDa  iipoH3BOA>iwx  Oiioi  coueHoion  a in  ponoreimoro  nponcxo>K- 
ACHIIH.  3tO  3Ha*IIIT.  'ITO  Ha  CC’BCpe  iallilAHOH  CllOlipH  BCACACTBHC 
CaMOpaJBIITHH  6M0ICOI1CH030B  flpll  HCII3MCHHCM  KAHMUTC  It  ACT 
Aerpa.iauHH  ahctbchhipiiiwx  pcakoacchA  h OTCTynaHHc  no.iHpHOft 
rpannnw  accob  na  km  B pcjyAbT.JTc  pacTCT  noAoca  oTiiocmc.ib- 
Horo  Ociacchh  TyiiApw 

II  21ah  BocTOMiio-hBporicftcKOH  CyOapKTHKH  choActbchhb  bw 
cokotcm ncpaTx piian.  OAHiKan  k O'.  McpiAaH  to.i ma  I 1oao6iioc 
COCTOHHHC  OMCHb  HcyCToftM HBO.  Bo  HpcMH  06WMIIWX  flCpHO.lHMCCKH X 
noTcnAcHHft  BoipacracT  mouihoctb  ccioiiho  Ta.ioro  caoh.  mto  hc- 
ACT  K nOHH/KCHMK)  BOAOynOpHOTO  MCpIAOm  IOpH30HTa  H 6.13- 
ronpiiHTCTBscT  6o.ii.mcM)  npoipciiaiiiiio  ncpxmix  c.iocb  iiombw,  raK 
KaK  MacTb  Tcn.ia.  yxo.iuBiuaH  paitbuic  na  nenapemic  htOwtomhoh 
bahui  pacxoAyctcH  icncpb  na  nporpcbamic  mombw  Bcc  sto  uio 
coOctbnct  oixBary  ApcBcciioft  pacTHTcAbHOCTbio  6AaroiipiiHTiiwx 
b noMBCHMO- rpy h tobom  otiiouichiiii  r«  11.11*1  x yMacr kob,  KOTopwe  pac 
noAOMteHbi  He.ia.icKo  ot  rpammw  ncoTyiupw  hah  ot  acciinx 

Oi  TpOHKOB  Hi  TOMHMKOH  ( cMHIl  I 1.1  ) 'Mi  l K.IX.  laXIiaMCIIIIWX  Api'HCC 
HOM  pacT HTC.1  bllOCT bK » . H.TKailAHBaOTCH  6o.1l.IIIc  CHCI  .1.  Ml'XI  II .1  ()K- 
pyaiaKHUHx  6ci.ic<iiwx  i\ii.ipax.  mto  npiMiHTCTBycT  hiitchchbhoM) 
iHMMcMy  npoMcp laiiitK)  h ciioco6i  iBycT  icipa  iaiiim  bwcokotcmiic 
paTypHOH  Mcpj.lOTW  nOA  AeCHWMH  OCTpOBKaMII.  HofTOMy  » taKIIX 
6hoi coucho  ta  x moih»io<  ri,  TaAoro  caoh  Owhhct  lie  Mciibiuc  3 M. 
Caoh  McpiAOTw  i.iccb  hc  c.iiiHaKHCH  to  cc  I b caoh  him  Hero  npo 
MCpiailllH  (2.0  2.5  M)  III*  COI  AIIHHCTCH  C BCpXHCH  IIOIIi  pXIlOC  TI.IO 

MHoroAeTiicMcp  i.iwx  rpyiiTOB.  pacnoAo >Kin non  rAy6)Kc  3 m Jio 
npiiJiiaK  hi  p.i .iiipyHHUc -h  Mi*p:i.iorw  iaxBar  ;ipcBccnoft  pacrii 
TCAbHOCTblO  TyilApoBWX  y '13(1  KOB  HC.ll'T  K y.iyMlUCHHIO  MIIKpO 
kamm.itj.  Ail  pa.taiiHH  vtpt.iorw.  to  ccti.  k OHoreoiicHoniMccKoii. 
AailAUiaipTHOfl  C)  KUl'CCUH  llpu  IIOTCIT  ICHHH  B('iHHKaK»T  HOBWC  AVC 
mm.-  (x  i poHKii  na  rpanmic  ryH.ipw  n .iccoryiupw  ii  pacunipHKiTCH 

eCTB)K)IUHc 


110  B Bin  IOMHO  Leponefti  KOH  C)6apKTMKe  m jAaioabiotcb  n 
npHMO  npOTM  BOMO.IOIKH  WC  npOUC( \W  HapaCTBHHC  MOXOBOTOp^B- 
HHCTOIO  CAOH.  HO 3HHKHOBCHHC  McpjAOTW  H ft  *OMCi TOMCMHC*.  TH- 
6c A b ACpCBbCB  3tO  UpOHCXOAHT  Ha  pOBHWX  HAM  CJltr K1  BOrHyTWX 
y Mai'T  K.l  X l I AHIIHCTWMH  H CyTAMHHl  TWMH  fpyHTaMH 

BwiOKOTCMiicpaTypnaH  MepiAan  To.nua  caoficracHMa  6§CCtkuy 
lOKOHa,  kokhomv  no6epe)Kbio  TvAiOHoea  laAHaa  h a p y r m m paio 
naM  CcBcpiioft  A m e p m k m B 3thx  paftonax  6wao  »a(|)MKCHpoaano 

npOABH  JKCHHl*  ApcBPCHOft  paCTHTCAbHOCTH  Ha  TyH.ipOBWP  ywacTHH 

(/?  Gnggs,  1934.  J W.  Marr,  1948.  R / Hansel,  D A Chant, 
1971)  OTMCMa.IOCb.  MTO  BHCApeHMe  CAM  H3  HOBWC  y M3CTKH  HpO- 
MCXOAHAO  H IOAW  C HaHAyMIllHMH  flOT  OAHWMH  yCAOBHHMH  — I8W. 

1931.  I960 

111  CTaiiHonapMoe  coctohhhc  ccBcpnoft  rpaHHuw  accob  cBOft* 
CTBCHHO  HCKOTOpUM  paftOMBM  CpCAHCH  H Boi  TOMHOft  Cm6hPH  C MX 
KOHTHHeHTa.1l.HI4M  KAHM8TOM.  CpaBHUTCAbHO  TCHAWM  AeTOM.  6oACe 

ncpcceMCHHWM.  mcm  b 3anaAiioft  Cn6npH  pe.ibe(J>oM  B 3thx  ycAO- 
bmhx  if  a n.iaKopax  lie  iia6AioAacTCH  Tanoro  hhicmcmbhoto  wapa- 
ct a h h h mxob,  K.iK  u 3anaA«oft  CM6llpH 

BmCCTC  C TCM  BO  BCCft  Cy6apKTMKC  Ha  BCCX  KOHTHHeHTaX  — 
b [depone.  Aami.  Ccbcphom  Amcphkc  ia4)HKCHpoBaHO  6eccnopHoe 
OTCTynaHHc  rpaHimw  accob  noA  bo i.icftcTBHCM  MeAOBeKa  nomapw. 
bu  [ii  6k  ii,  ncpcBwnac  OAeHcft.  npoM  wujachho  - HHAycTpHaAbH  w A 
npecc,  paipyuiaKumift  yH3BHMuc  ^kochctcmw  CeBepa  h t.  a Bee 
3TO  lHOCo6cTBVeT  paCUIlipcHHIO  no.iocw  OTHOCHTCAbHOrO  6e3AeCHH 
TyHApbl. 

llo.ioca  OTHOCHTe.lbHOro  6c3.iecHfl  TyHApw,  3aHHMammaH  b ce- 
BcpnoM  noAymapHH  okoao  mhaahoh.i  kbj .ipa th wx  KH.iOMeTpoB. — • 
3TO  apeHa  6yAymHx  AccoMCAiiopanuft  KOTopwe  MoryT  yAymuHTb 
K.iHMaT  h ra30Bwft  6a.iaHc  aTMoc(|)Cpu. 


P.  I.  Melnikov.  V.  T Balobayev 

(USSR,  Yakutsk) 

PERMAFROST  AT  THF  TERRITORY  OF  THE  USSR 

In  Ihe  SovieV  Onion,  pcrmalrost  (cryolitozone)  is  lound  to 
occupy  1 1 million  km*,  which  is  slightly  less  than  half  this  country’s 
territory.  The  fact  that  permafrost  is  timed  to  high  latitudes  shows 
what  a decisive  role  radiation-climatic  factors  play  in  permafrost 
formation  Negative  mean  annual  temperature  of  surface  rock 
layers  is  a necessary  condition  for  long  term  permafrost  to  exist 
Its  value,  apart  from  climatic  factors,  is  determined  by  geographi- 
cal and  geological  features  of  the  territory. 

At  present,  permafrost  regions  are  characterized  by  radiation 
balance  values  being  less  than  25—30  kkal/cm2  per  year 

f'rom  the  South  to  the  North,  radiation  balance  decreases  to 
H kkal/cm'2  per  year,  thus  resulting  in  temperature  fall  both  of  the 
air  and  rocks. 

The  lowest  temperature  of  rocks  is  observed  along  the  Asian 
coast  of  the  Arctic  Ocean,  reaching  12,0  14.0SC  Horizontal 

temperature  gradient  of  frozen  ground  along  110°E  is  0,8°C  per 
1°  of  tin*  latitude 

Air  temperature  and  temperature  of  rocks  are  affected,  to  a 
great  extent.  b\  dynam)c  processes  in  the  atmosphere  The  latter 
an*  responsible  for  changes  in  temperature  from  the  West  to  the 
East.  This  becomes  apparent,  particularly,  in  the  cold  period  of  the 
year.  The  warm  Atlantic  affects  the  whole  European  North  and 
Western  Siberia,  increasing  rocks  temperature  at  the  Arctic  circle 
latitude  up  to  0 + 1.0  C.  Quite  the  reverse,  high  pressure  zone 

observed  during  winter  o\er  the  whole  territory  of  the  Eastern 
Siberia  makes  it  next  to  impossible  for  warmer  air  masses  to  enter 
this  region,  therefore,  temperatun-  here  is  found  to  be  the  lowest 
At  the  same  latitude  of  the  Arctic  circle,  mean  rocks  temperature 
falls  to  -7 9°C 

Peculiarities  of  atmospheric  circulation  are  connected  with  pre- 
cipitation of  which  snow  is  of  particular  importance  In  a zone  of 
relatively  active  lyclonic  activity,  a 10  cm  snow  layer  increases 
mean  annual  rocks  temperature  by  1,0  |,5°C,  in  'he  continental 
zone  by  1.5  3.0  < Thanks  to  thick  snow  cover  in  permafrost 
regions  there  exist  vast  ireas  where  anomaly  high  temperature  is 
observed  These  .ireas  art  as  follows  >eiiisei  River  valley,  western 
slopes  of  Verkhov anski  Ridge  and  Lena  River  valley;  Kolymskaya 
low  land;  and  the  Pacific  coast  Quite  tin  reverse,  negative  tempe- 
rature of  rocks  at  low  elements  of  the  relief  in  Zabaikalie  and 
Mongolia  is  associated  with  small  depth  oi  snow  cover  (1  — 
10  cm) 

And  finally,  temperature  of  roek*  depends  on  their  properties, 
structure  and  composition 

The  value  oi  negative  temperature  defines,  to  some  extent,  the 
depth  of  frozen  /one,  v ith  all  other  conditio"  being  equal.  There 
an  other  important  tactors  determining  long-term  rock  freezing 
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depth,  these  are  intraterrestrial  heat  stream,  lithological  compo- 
sition of  frozen  zone,  and  palaeogeothermal  regime 

The  least  value  of  intraterrestrial  heat  stream  in  permafrost 
zone  of  the  USSR  (0.0 10 — 0,015  kkal/cma  per  year)  is  observed  in 
the  central  part  of  the  East-Siberian  platform  In  this  region,  most 
ancient  saline  sedimentary  rocks  of  high  heat  conductivity  are 
found  to  come  up  to  the  surface  This  is  a zone  of  the  deepest 
negative  temperature  (1000—1500  m),  with  temperature  of  frozen 
rocks  being  -5  — 7°C.  The  largest  value  of  intraterres'rial  heat 

stream  is  observed  in  tectonically  active  modern  mountainous  re- 
gions (Verkhoyansko-Kolymskaya  plicated  area).  In  the  Suntar- 
Khayata  Ridge,  this  value  amounts  to  0,080  kkal/cm2  per  year. 
Due  to  this,  an  average  depth  of  frozen  layer  comes  to  270  m,  with 
the  temperature  being  7,0'C.  For  the  greater  part  of  the  perma 
frost  zone,  a heat  stream  value  is  0,035—0,055  kkal/em2  per  year 
Rocks  of  poor  conductivity  as  well  as  those  with  large  heat 
streams  therein  have  the  least  depth  of  freezing  The  impact  of 
intraterrestrial  heat  stream  is  best  seen  in  mountainous  regions 
Under  conditions  of  high-altitude  isothermality,  redistribution  of 
heat  streams,  influenced  by  the  relief,  stipulate  high  temperature 
of  mountainous  rocks  under  valleys,  whereas  the  least  temperature 
is  observed  under  tops  of  hills 

As  processes  of  deep  freezing  and  melting  in  rocks  are  very 
slow,  as  compared  with  climatic  fluctuations,  the  depth  of  frozen 
zone  is  sometimes  found  to  be  anomaly  great  and  does  not  cor- 
respond to  existing  thermal  conditions.  The  regions  in  question  are 
as  follows.  West  Siberia,  \ ilyuiskaya  and  Khatangskaya  sineclis 
es,  a number  of  lowlands  in  Chukotka  etc  This  fact  was  caused, 
to  a great  extent,  by  a cold  epoch  of  the  past  At  present,  the 
depth  of  frozen  layer  degrades  at  a rate  of  1.0— 2,0  m every 
100  years  Therefore  we  can  still  find  frozen  layers  100-  400  m 
thick,  with  temperature  near  the  surface  being  OX  or  even  above  zero 

The  impact  of  geologiealgeotectonic  and  palaeogeothermal 
factors  is  so  great  that  the  thickness  of  frozen  layers  may  become 
azonal  Under  severe  conditions  of  the  extreme  North,  this  thick 
ness  is  found  to  be  less  than  that  near  the  southern  boundary  of 
frozen  ground,  by  2—3  orders  of  magnitude 

Contemporary  data  show  that  permafrost  originated  several 
hundred  thousands  of  years  ago  Since  then,  temperature  and 
depth  of  permalrost  repeatedly  changed.  At  present,  the  depth  of 
permafrost  is  found  to  be  decreasing  due  to  intraterrestrial  heat. 
Thus,  the  contemporary  epoch  is  warmer  than  the  previous  one. 
During  the  last  20  000  years,  the  temperature  of  frozen  ground  was 
increasing  by  0,4  -0,8  C every  1000  years,  the  total  increase  now 
being  8 — I3C£ 


fl  H MfAbHUK os.  B.  T.  SaAodaen 

(CCCP,  Hkwck) 

BEMHAfl  MEP3J10T A HA  TEPPMTOPHM  CCCP 

B CCCP  ne’iiian  wepi.ioia  ( KpMo.iHToiOHa)  laiuiMacT  OKo.no 
II  M.UI.  KM2,  HtO  COCTUB.IHCT  Ht'MHOrO.  MeHee  HO.lOBHHbl  CIO  Tep- 
piiTopim.  Ee  npHypoMeiiHOCTb  k bncokhm  umpoxaM  ovier.iuiio 
t HM.IC TiVJbCTByeT  O pelUaioUleA  po.'lll  n (})OpMHpOBaHHH  pa.lliailH 
OH  HO  -KjlHM  HTMMeCKHX  (jiaMOpOB.  HeoOxO.lMMblM  ycAOBHCM  AAH- 
tc.u.hoto  c ymecTBOBHHHH  m ep i.i m x nopoA  HBABCTCB  OTpHUaTC.TbHaF 
Cpe.lHflH  rOAOBBH  TeMMeparypH  IIOBepXHOCTIIOrO  CJlOH  ropHUX  IIO- 
po.i  Ee  inawt-mu*.  KpoMc  K.iMMaTHnecKiix  ipaKTOpOB.  onpe;ie.i«eTCH 
ieorpad'H*jecKHM»i  u reo.iorwm \ m-mii  ocofu  hhocthmm  TeppHTopmi. 

B HJtcTOHiuec  BpewH  KpHu.iut030Ha  xapa  krepmyeTCF  maMemi- 
h m 1 1 paAHaUHUHHoro  Ga.ianca  MeubuiHMii  25  30  kk;ui/cm2  • ron. 

C Kua  na  cenep  pa.mauHOHHMH  Oa.ianc  yMeHbiuaeTCH  ripn 
MepHO  ;io  8 kkba/cm2  • roA»  bn  ibiBaR  coot bctctboh hoc  noiMweiiHc 
TcMiiepatypbi  n ropHwx  nopo.i  Ca.wan  h hi k a h TCMnepatypa  cop 
hux  uopo.v  <J»HKCHpyeTCH  Ha  a uiaTCKOM  no6epcHu>e  CeBepnoro  Jle- 
AOBHtoro  OKt-aHa,  aocthi ax  ueeb  12.0,  -I4,0°C.  lopHionTa.ib 

hum  rpa.imii!  TewnepaTypw  wep3.iux  nopoA  no  110°  b i.  paseii 
0,8°C  na  I UJMpOTN 

OrpOMHoe  HJiHNHHt*  Ha  TeMiiepfiTypy  Hoj.iyxa  u ropiiux  nopo.i 
oKaibmaK)T  ,'iitH it m ii'iec k He  npoucccu  ii  aTMoctpepe  Ohii  c;iy>Kar 

OCMOBIIOA  fipilMHHOH  H3MCIM  HHH  *THX  leMUepaiyp  «‘  iHUaia  H«l  Bo- 
ITOK  OcofieilHO  HO  HpOHBZIHeTCH  » XO.TO.TIINH  HUpHOA  1'O.lil.  MOjll* 
hoc  B.imiHHe  reii.iou  Ai  i.ihthkh  paciipocTpaiiHeiCH  Ha  Ben.  Ei» 
poll,  HCKHH  Ceaep  m tana;iHyK»  CMGiipb.  iioBUUiaH  Te.MiiepaTypy 
lopiiNx  nopo.i  na  ninpore  IIo.iFpuoro  Kpyia  ;to  0,0  xl.Ot. 
HaoOopoT,  oOaacib  aucoKoro  aan.i' hhh  jiimoA,  npocTHpaKiiuan- h 
na  i aei'H  Bo<  roMiioft  CnrnipbK),  notTii  HCKvno'iaet  nponiiKHoBeiine 
CK)  la  6o.u*e  Ten.iwx  BOi.iyimiux  Macc  it  hb.ihi  tcb  naiifto.iee  xo 
.iq/ihoA  Ma  rofi  mv  imipore  No.iHpHoro  Kpyia  pc.iRHH  irMiiepa 
typa  ropHwx  nopoA  noHnwacrrn  ao  7.  9°C. 


OahoA  M3  ocoOeHHocTeA  uiipKyAHUHH  aiMoctpepu  hb.ihkttch 
ocbakii.  hi  KOTopux  oco6yio  pojib  MipaeT  cuejKHuA  noKpoe  Kaw- 
:iue  10  cm  cnera  yae.iHHKBaioT  cpeAHioio  roAoByio  leMiiepaiypy 
lOpHU X nopoA  Ha  1.0  l,5°C  B 30He  OTHOCHTCAbHO  dKTHBHOA  UH 

KJlOHH'ieCKOA  AeHTC.l bHOCT H H Ha  1.5  -3,0°C  B KOHTHHeMTa.lbHOA 
30He.  B^aroAapw  MOiUHOMy  chokhomy  noKpoBy  b oO.iacTH  bcmhoA 
MepiAOTu  cymecTByK)T  oOuinpHue  30hij  anoMa.ii.Ho  bucokhx  tcm- 
nepaTyp.  3 to  aozihhb  p Emmcch  h npH.ieramiuHe  k hoA  hhimchhuc 
paftoiiN,  iana.iHi.ie  i k.iohn  BepxoHHCKoro  xpeOra  h npH.ieraKiiuaH 
AO-imia  p Jlenu.  Ko.inmi  naa  hhimoiihocti.  h nofiepc*/Kb<*  Tnxoro 
oKcana  HaoCopoT,  cyuiecTBOBaxHe  oTpHuare.iMiNx  TeMneparyp 
ropHbix  nopo.i  na  hhikhx  i-n-Mentax  pe.ibeipa  h 3a6anKa.ibC  m Moh- 
to.ihh  npoM My mecTBeHHo  CBtnaHo  c oxonr  Ma.ioA  bncotoA  cHeatnoro 
noKpoRa  M 10  cm ) 

HaKOneu.  TeMnepaTypa  ropHux  nopo.i  lanncHi  oi  hx  cboActb. 
CTpoeHiiH  h cociaBa 

BeAHMHHa  OTpMuaTe.ibHoft  TeMnepaTypu  r kbkoA  to  cTeneuM 
onpe.ie.meT  h moiuhocti.  Mepi.ioA  iohn  HpyrnMH  BaacHeAuiHMH 
ipaKTOpaMH,  onpe.ie;iRK)iiiHMn  rayftnHy  Mnoro.ieTHoro  npoMepiannw 
ropHwx  nopo.i  hr.ihiotch  Ten.ioBofi  hotok  H3  Heap  icmah.  ahto- 
.lonmecKHA  cocthb  Mepi.ioA  iohij  h na.ieoreoiepMimecKHA  peatiiM 

BllVTpH3eMHNH  Ten.lOBOH  riOTOK  B ofi.iacm  KpHOAHT030HM 
CCCP  HaMMCHhuiee  inaMCHHe  (0.010  0,015  kkra/cm2  • ro.i)  hmoot 
n ueHTpa.ibHoA  «iacm  Boctohho  CnfiMpcKofi  n.iaTcbopMN.  r.ie  ica 
noBepxHOCTb  bmxoabt  nanfio.iee  .ipeBHHe  co.ienociiNe  oca.iomiue 
nopo.i m.  oO.ia.iajouine  k tomv  >Ke  bmcokhmm  Ten.ionpoBO.iHNMii 
cboActb  a m m 3,iecb  Haft.iio.iaeTCH  nanfio.ii’e  r.i\6oKan  inwa  oipn 
uaTc.ibHux  TeMnepaTyp  aocTwraiomaH  1000  -1500  m npH  TeMne 
paType  Mepi.iux  nopo.i  5,  -7°C.  HaHfioabuiee  3HaMeHHe  BHVTpn 
aeMHoro  Ten.iOBoro  noTOKa  npncvme  cobppmchhnm  TPKTOHHMecKH 
aKTHBHbIM  TOpilblM  f)6.iaCTHM  (BepXORHCKO  Ko.lblMCKafl  CK.la.Tia 
Tan  oC.iacTb)  B xpefiie  Cymap -Xama  ona  aoCTuraeT 
0 080  KKa.i/cv2  • roa.  O.iaroaapH  MCMy  aaecb  epeawm  moiuhocti. 
MepsaoA  toauih  pasna  270  m npn  TeMnepaiype  7.0°C  Ha  6o.il- 

UifA  qaCTH  TeppHTOpHH  KpifO.lHTO  JOHN  Ten.lOBOH  ROTOK  paBeH 

0,035—0,055  KKaa/cM2' roA.  HaHMeHbiuaa  MOuiHOCTb  Mepjaux  no 
po.’i  (Jiopv HpyeTCH  b c.iaOo  Ten.ionpoBoaHbix  nopo.iax  m npn  Oo.n, 
mux  Ten.ioBhix  nomKax  b mix  Haufio.iee  oTMeT.niBo  b.ihhh lie 
RHyTpmeMiioro  Ten.iOBoro  noTOKa  npoBBABeTCB  n ropubix  ofi.ia- 
CTfix,  r.ie  b ycaoBHHx  BbicoTHofi  inoTcpMHH  nepepai  npeje.iciiHe  ero 
noa  B.iiiBHHeM  pe.ibe^a  ofivc.ioB.innaeT  bucokho  TeMnepaTvpw 
ropHux  nopo.i  noA  AHHUiaMii  .io.ihh  h naMMCHbUiHe  — no.i  Bop 
ujmhbmh 

Tlpoueccw  r.iyOoKoro  npoMepiamiB  h npoiaiiBamiH  ropnwx 
nopo.i  OMPHb  HHPpnilOHHW  no  cpaBHeilllK)  c H3MPIle!IHOM  K.1HM3TH 
MeCKHX  VC.lOBIlfl  Tlo9TOMy  B PH.1P  pal'lOHOB  C.10>KPH H N X C.lflfto 
CUPMCUTHpOBaHHUMH  OCBAK3MH,  T0KHX,  KH  K 3anaAHBfl  CuOlipi,. 
Bn.iK)AcKa«  n XaiaiircKafl  cHHeK.iH.iu  p«.i  hiiimphhoctpA  Mv 

KOTKH  II  .!{•  . MOIUHOCTb  Mepi.lOM  3011b!  BHOMa-lbHO  Be.lHKH  It  HP 
COOTBCTCTBVPT  COBpeMPHHMM  TOn.lOBVJM  yC.lOBHMM  B 3HaMHTP.il. 

hoA  CTeriCHH  OHa  Hn.ineTCH  npo.iyKTOM  npom.ioA  xo.io.ihoA  inoxu 
ii  b Ha cto fi nee  BpoMH  .lerpaAHpyet  co  cnopocTbio  1.0  2.0  m 3a 
100  ipt  Biaro.iapF  3tom\  mu  BCTpeuaeMCF  c (Jjaktom  cymecTBo- 
BBHHH  100  too  MPTpOBWX  MPp3.1UX  TO.llU.  IIMelOlUIIX  TCMtu  p.lTXpV 
0°C  ii.iM  .ia>Ke  no.io>KiiTe.ii»nyK)  b6.ih.iii  noBepxnocTii. 

B.iiiFHiie  reoAoro-reoTCKTOHHMecKiix  n naAeoreoTepMiuiecKHx 
(paKTOpnn  npOHB.lFPTCF  MaCTO.lbKO  Cll.lbHO.  MTO  MOIUHOCTb  Mfp3.ll.IX 
to.iiii  CTaHoBHTCH  aiOHii.ibuoA  I fa  KpaAiiPM  CeBcpe  n Hanfio.iee 
cypoBUx  Ten.ioBhix  vc.iobiifx  mia  mo>kct  Cuts  r 2 3 paia  vem. 
UieA.  «IPM  B6.III3M  lO/KIIOn  rpailllllN  pa3BI|THH  Mep.I.lOTbl, 

Flo  COBpeMPHUUM  ABHIIUM  BCMIiaF  Mppj.lOTa  BO.3MUK.ia  He 
CKO.lbKO  COTtfll  TNCFM  ACT  HH33A-  B IlOC.ie.iyKHUeM  OHa  U3MCHF.ia 
cbok)  TPMuepaTypy  11  MoumocTb  h eo.i h o k p a t h o , a MecTaMii  Aerpa 
AiipoBa.ia  noAHocTbio  B name  BpeMH  ee  MomHocTb  yMenbUiaeTCH 
110.1  B.1HHHHCM  BliyTpeilHC TO  TPIMil  3CM.1H,  C B H .ieTP.1  bC T B V F O 60.ieC 
tpji.ioA  coBpeMciiHOH  -*noxe  no  cpaBHCHino  c npe.ibi.iymeA.  B cpe.i 
HCM  lUITCHCHHUOCTb  UOTCU.KMIHH  MejM.lOTW  Mi  UOC.1P.1HHP  20000  ACT 
coCTaB.iF.in  0,4  0.8°C  ja  1000  act.  a o6uiee  rioBumeHHe  TeMne 
patypu  m ep3Abix  nopo.i  ia  *to  BpeMH  aoctiitao  8 I3CC. 


N.  A.  Shpolyanskaya 

(USSR.  Moscow) 

I HI  SIHDV  OI  TENOENCIt.S  IN  PH  RIVIAI  ROST 
DEVELOPMENT  BY  THE  ANALYSIS 
OI  TEMPERATURE  FIELD  OF  THE  ROCKS 

1 hr  rxpuiidniK  exploitation  ol  natur.t)  riMtun'cs  in  the  North 
anil  East  ui  the  l NSR  brings  the  in\ estimators'  attention  to  the 
problem  of  permafrost  prediction  in  vast  areas  Clearing  up  of 
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natural  tendencies  of  permafrost  development  must  be  an  im 
portant  part  ol  such  a predictin  since  these  tendencies  predeter 
mine  to  a considerable  degree  the  results  ol  human  activity  in 
fluence  on  permafrost 

When  clearing  up  the  tendencies  one  should  pay  special  atten 
lion  to  the  temperature  field  of  rocks,  i e.  the  result  of  all  ph\ 
sics/geography  and  gcologu  conditions  interaction  and  to  the 
cause  of  one  or  another  frozen  environment 

The  study  of  temperature  field  must  be  built  on  two  bases  The 
first  is  studying  modern  temperature  lield  and  clearing  up  of  its 
development  tendencies  In  that  case  an  important  information  can 
be  given  by  I)  analyses  of  thermal  balance  structure  of  the  earth 
surface  as  modern  upper  boundary  conditions,  2)  analyses  of  rock 
temperature  field  under  permafrost  as  modern  lower  boundary 
conditions,  3)  analyses  of  temperature  field  character  in  perma- 
frost The  second  is  the  study  of  rock  temperature  field  dinamically 
in  Pleistocene  In  this  case  decisive  role  belongs  to  analyses  of 
the  main  rock  temperature  factors'  course  through  time  The  ana- 
lyses :s  aimed  at  clearing  up  of  possible  rhythm  and  periodicity 
in  these  factors  changing  as  well  as  future  development  extrapo 
lation  of  the  factors  proper  and  the  temperature  field  caused  by 
them 

An  affort  of  the  planned  programm  realization  has  been  made 
West  Siberia  is  taken  as  an  example 

1 The  study  of  modern  rock  temperature  field  I Analyses  of 
upper  boundary  conditions 

Heat  exchange  between  ground  and  atmosphere  cause  certain 
heat  flow  (fl)  through  the  ground  surface  which  in  its  turn  form 
ground  temperature  at  the  upper  levels  of  permafrost  The  cal 
culation  of  annual  surface  heat  balanie  for  46  points  in  permafrost 
areas  of  West  Siber.a  make'  it  possible  t<>  outline  three  regions 
(from  the  North  to  the  South)  arctic  region  which  is  situated  .n 
the  very  North  in  tundra  and  is  roughly  limited  by  «»7  f>H  \ l. 
from  the  South,  lien-  the  heat  flow  quantity  during  the  cold  part 
of  the  year  exceed  the  quantity  during  the  warm  part  of  the  year 
(/?,)•  i e Rx>Br  and  consequently  the  rocks  continue  cooling, 
subarctic  region  stretched  in  the  form  of  comparatively  narrow 
line  along  the  polar  circle,  it  include  s south  (underbrush)  tundra 
and  forest  tundra  where  B,  RT.  i e.  the  ground  temperature  field 
is  comparatively  stable.  Boreal  region  which  occupies  the  rest  of 
the  region  (the  taiga  part)  where  Rr^Br.  i.  e permafrost  degra 
dates 

2 Analyses  of  lower  boundary  conditions  has  shown  that  they 
play  a subordinate  role  in  the  dynamics  of  permafrost 

3 Analyses  ol  temperature  field  iri  permafrost  and  heat  flow 
correlation  at  the  bottom  of  permafrost  at  both  sides  of  the  boun- 
dary between  frozen  (qm)  and  thawn  rocks  (qr)  shows  the  same 
tiiree  regions  with  similar  tendency  of  permafrost  development  as 
m the  point  I 

II  The  study  of  temperature  field  dynamics  in  Pleistocene- 
According  to  the  modern  view  climate  and  landscape  change  s 
through  time  are  characterized  by  periodic  variations  Because  of 
the  fact  that  temperature-  field  is  a result  of  such  variations  in 
fluence  with  different  period  and  amplitude  the  analyses  af  all 
existing  types  of  variations  would  be  the  most  interesting  Tin 
variations  penetrate  to  different  depth  (depending  on  period  and 
amplitude)  and  influence  the  rock  temperature  differently  Un- 
fortunatly,  there  is  a great  number  of  view  on  the  causes  of  na- 
tural processes  periodicity  and  even  on  presence  oi  stable  cycles 
m them,  this  prevents  the  analyses  of  the  regions  influence  on  the 
rocks  temperature  dynamics  At  present  it  seems  possible  to  ana 
lyse  firstly  periods  with  variations  of  thousand  and  tens  of 
thousands  years  that  mainly  influence  on  permafrost  temperature 
field  on  the  whole  (these  periods  are  ear  marked  bv  the  investi- 
gators in  Pleistocene)  and  secondly  periods  with  variations  of  ten 
years  which  influence  the  upper  layers  of  rocks  and  particularly 
important  for  practice 

1 Analyses  of  variations  with  periods  of  thousand  and  tens  of 

thousands  years  Modelling  on  the  basis  of  West  Siberia  climate 
and  landscape  changes  sucsession  proposed  by  modern  paleogeo 
graphy  has  shown  permafrost  temperature  field  come  to  confer 
mity  to  the  changed  climate  for  10  000  15  000  years  It  means 

firstly  that  almost  all  West  Siberia  (except  fluvial  plains  and  lai 
das  whose  age  is  less  than  15  000  years  CM  is  composed  of  frozen 
rocks  with  their  maximum  depth,  and  so  the  change  of  depth  and 
temperature  field  will  take  place  only  following  the  new  climate 
changes  Secondly  it  means  that  so  called  relict  permafrost  exist- 
ing isotatedly  in  the  boreal  zone  in  some  depth  is  preserved  only 
because  of  the  fact  that  less  than  10  000  years  passed  since  Holo- 
cene thermic  maximum  (when  permafrost  thawing  began)  and 
that  it’s  the  limit  of  permafrost  cxistance. 

2 Analyses  of  centenary  climate  variations  made  it  possible 
in  west  Siberia  to  clear  up  of  a number  of  regions  differed  by 
stage  and  direction  of  climate  changes  expected  to  the  end  of  the 
century  and  the  following  change  of  frozen  rocks  appreciable 
rock  temperature  decrease  may  take  place  in  tundra  and  forest 
tundra,  in  forest  zone  the  ground  temperature  will  not  change 
practically 


The  proposed  method  of  permafrost  development  tendencies  is 
ol  j common  character  and  can  be  used  for  any  other  region  of 
permafrost  area  The  results  of  the  prediction  may  be  applied 
practically  In  particular  we  have  used  such  a prediction  for  app 
raisal  of  'ome  probable  consequences  of  planned  drain  transfer 
of  the  river  Ob  to  the  South  regions 


H A lUrWAMHCKOP 

(CCCP.  Mockm) 

TFHAFHUHfl  PA.lBHTHfl  BFHHOR  MEP3JIOTU 
B 3AF1AAHOR CHBHPH 

OcBoemie  npapoanux  pecypcoa  na  cesepe  h BocTone  CCCP 
CTaBHi  nepea  Mccae.ioBaic.iHMH  npofi.ieny  nporM03a  noBeaewna 
BOMHOH  Mep3.10TU  Ha  UiHpOKHX  npOCTp8HCTB8X  BaMHUM  IdeHQM 
Tanoro  iiporH03a  ao.imho  (>btn>  BhdHB.ie HHe  reHaeHUHti  ecrecraen- 
HOIO  pdJBMTHH  B«  IMOH  MepJ.IOTbl  npe.lOnpeAe.lHIOWHX.  B 3HaHH 
Te.ibHofi  Mepe,  peiy.ibTaTu  BoaaeAcTBHH  Ha  Hee  aHTponoreHHUx 
4>aiaopoB 

OCHOBHMM  B HCC/KMOB3HHH  COCTOHHHB  BCIHOft  Mep3.10Tbl  .10.1- 
mho  6biTb  Tc-MiiepaTypHoe  noae  ropHUx  nopon  — peiyabTaT  B3an 
Mo.ieficTBHH  Bcero  KOMn.ieHca  (Jni3HKO-reorpa4)MMecKHx  h reo.iorH- 
MfCKHX  yCZlOBHH  H OAHOBpeMeHHO  UpHHHHa  TOA  H.1M  HHOA  Mep3,10T- 
hoA  oCctbhobkh. 

llccae.ioBaiiHe  TcvuepaTypHoro  no.in  aozimho  nponTbcr  na 
iByx  ocHOBax  Bo  nepBUx,  na  Hcczie.ioaaHHH  coBpeMeMHoro  Tewne- 
panpnoro  iio.ih  h BWflB.ieHHH  b hcm  onpe.ie.iennux  TeiueniiHA 
paiBHTiiH  Bo.ibujyio  HiMfjopviauHK)  .iacT  ana.iMi  cTpyKTypw  Ten- 
.loBoto  (ia-iaHca  noBepxMocTH  3eM.iH  nan  coBpeMeiiHUx  Hep xhh x 
rpaHHHHbix  ycjioBHH,  ana.iin  TeMneparypHoro  no.ifl  ropnux  nopoa 
HK*e  BeMHOH  Mep 3.107 bl  K3K  COBpeMCHHbIX  HHMHWX  rpaHHMHMX  yC- 
.1  ob hh.  axa.iii3  xapaKTepa  TeMnepaTypHoro  no.in  b caMoA  wepi.noA 
t o.i me  Bo-BTopux.  na  HiyreHHH  TCMnepaiypHoro  no.in  ropHwx 
nopo.i  a ero  .iMHaMHKe  b n.icAcTOtiene.  Peuiaioiuyio  po.ib  npn  stow 
HipaeT  ana.iH:<  Bpcwennoto  xoaa  r.iamiux  (JiaKTopoH.  (JiopMHpyio- 
i:ih\  TewnepaTypy  ropnux  nopo.i.  HMetouiHA  ue.ibio  BunB.ieHite 
BO  < MO>KHbl X pHTMOB  II  tU'pilO.lHMHOCTIt  B II  IMOHeilMIt  *TMX  (fiaKTOpOB 
II  <KCTpan0.1HUHK)  B pa  iBHTMH  K.IK  HX  CaMHX.  T8K  ff  OfiyC.lOBJHBae - 
wr-io  h m it  TCMiupaiypHoro  no.in 

bhi.in  »•  :<  i ina  rionuTKa  ocymecTBHTb  HaMeiennyio  nporpawwy 
B 3.MM.1IIOH  CHfilipil 

Un  It  KiHUHUf  t OHpCMt'HHUeO  T t“M fiepu T ypHOCO  fl'  .lR  iOpHblX 
nopod . I AHa.nu  BepxiiHx  rpaHHMHUx  yc.ioBiiA  Ten.ioofiweH 
m»  a.i\  ip^.iioM  h aiMociJ)ipoA  ofiyc.ioB.iiiiiaeT  onpe.ie.iennbiH  Ten- 
/ioboh  noTOK  (B)  Hepei  nouepxHocTb  rpyura,  4»opMHp\K)iuHA, 
a cbok)  OMep  b.  Tt-MiiepaTypy  rpyma  b BepxuHx  ropiuoinax 
Mep i.io A To.ii  PaCMi-r  roAOBoro  Tenzionoro  6a.i<itica  noBepxHO 
mi  i.i h 45  r j h ktob  o5.ia.  ru  p a e n pocT p a m en un  bcmioh  wepi.iOTbi 
b tana.iHoA  CuftHpii  noiBO.int-r  Bbue.mTb  (c  ceBepa  na  km)  Tpn 
oft.iacTH  apKTH'iecKyKi.  pacno.io>KeHHyK)  na  cawow  ceBepe.  h npe- 
.u-.i.ix  iohij  TyM.ip,  h oi  paHH'ieHHVKj  c km  a npHMepno  67 — 68° c.  UJ  . 
r.ie  Be.iH'iinia  Ten.ioBoro  noTona  3a  xo.io.ihvk)  no.iOBHHy  ro.ia 
l/itl  npCBhlUJdt-T  Be.lHMHHy  TeH.IOBOlO  HOTOKa  3a  Ten.iyio  110.10- 
BHHV  ro.ia  1 /f r ) T e Rx>Br  r.le.  C.ie.lOBHTi  1I.H0.  ropHbie  nopOAU 
iipo;io.i>K.iKir  ox.iaM.iaTbcH.  cyftapKTHHeeKyio.  BUTHHVTyio  cpaB- 
Hure.ii, ho  yiKOM  no.iocoA  b.io.h,  llo.mpHoro  Kpyra.  ox  na  tub  a louiyio 

H>MHVK)  ( K yCT  apHHKOBV  K) ) TVIUpV  H .1CCOTV  H.lpV.  TOU 
i e it  MiH-paiypHue  no.ie  rpyHTOB  OTHocim-.ibHo  CTauwoHapHo; 
5op«M,ibH>K>  lauHM.iKmiyKi  laeMHyio  nacii.  pevMOHa.  v.ie  Bx<Br, 
T.  e Be’inaH  Mepuoia  .lerpa.lHpyeT. 

2.  Ana.iMa  hhmhhx  rpamiMHUx  yc.ioBiiA  H0Ka3a.i.  mo  b AHHa- 
w h he  nemioA  Mcpa/ioiu  ohh  urpaiOT  noAMMiieimyK)  po.ib 

3.  Ana.iin  rewnepaTypHoro  ho.ih  b wepi.ioA  To.iute  h cootho- 
lUeiiHn  nri.iOBUx  iiotokob  > no.ioiunu  wepa.iOTN  no  o6e  cTopoHhi 
i paiiHUbi  paa.ie.ia  Mi-MAy  wepi.iuwH  (<;„)  n Ta.iuMH  (Vt)  nopo- 
ABMII  IloJBO.IHeT  UUHBHTb  TO  Me  Ipll  oO.iaCTH  C TO#  Me  TCH.ieH- 
UiieA  pa.iniiTHH  Be'inoA  wepi.ioTU 

//(  . .U  tiomiHUC  dUHOMUKU  TCMUCpOTypHOeO  HO.IH  (i  riACUiTOUCHe. 
BpcWeHHUe  H lWelU-HHH  K IIIM.ITH  H .iaH.lllia»|»Ta  HO  i OBpeMOHHUM 

npe.icT aB.ieiniMM  nweh)T  xapaKTep  nepHO/iHMeeKHx  Ko.ieOaniiA  I lo- 
iKO/n.KY  i<  wnepaTypiioe  no.ie  Mepa.iux  nopo.i  MH.iHOTcn  peiy.n.Ta- 
tom  cywM.ipnoio  boi.ii-Actbhh  KO.ie6annA  pamoro  nepHOAa  h pa3- 
hoA  .i mii  niTY.iu.  to  Han6i);u.iimA  HtiTepec  npe.u TaB.lH.1  6bl  aiia.IH.I 
Hi  t X ( Villi  i TBy  KHUHX  THIIOB  KO.k'6aHllA.  npOHHKaKMUIIX  na  pa  i.um- 
liy h » (B  i.lHHCH MOCTH  OT  MepHo.ia  II  3 MI1.1  HTVAM ) I.iyfiMHY  H F10- 

panioMy  bo i.ieiu  iHyKMiuix  na  leMnopaiypy  nopo.i  K coMa.ieniiKi, 
HO  l10B0.lv  lipmiHH  liepHO.lll'IHOCTH  Upttpo.lHMX  lipoile  COB  H .13Me 
im.iiiMHH  n ii hx  ycToA'iimux  uiik.iob  nocToniiHoA  :i  mitcmbhocth 
cymecTiiyi  r mhoto  p.iuiope'iiiBux  mhchhA.  mto  mTpy.inneT 
aiia.nn  b.ihhhhh  *tm\  purMon  na  AHHaMiiKV  TewnepaTypu  ropnux 
nopo.i 
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B HacTowmce  npcuH  boimomch  ana-im  hO.icfiaHnA.  bo  nepnijx. 
r nepHo.iOM  h tnchmw  m accmtkm  tnchm  act,  bnacahcmnx  hicac- 
R n.ieftCTOU<MU*  \\  OK  a U4BRKIIUHX  nepBOCTf  iieHMOf  BO  | 
AeAcTBHC  IM  TrMnepaTVpilOl  Hole  BCcA  TO.IIU H BCMHOA  Mt*p3A0TM( 
H.  RO  RTOphlX,  C IU'pH< 1 lOM  H -U’  *ITKH  ACT,  IlpOHMKaiOlUMX  R HCpXHHe 
C.IOM  nopOA  II  OCOfiCHHO  BJMilblV  .:.1R  UpaKTHKH 

1 Am  a. nn  Ko.ieftaHHH  r nepMOAa  mm  b tncjimm  h accrtkh  tnchm 

.ICT  MoAC.lHpOBaNHC  MHOf O-TC THl'l  O llpl)Mep3aMHR  TOpilNX  11  Op 0.1  Ha 
6cK  M 6,  r ocmobs  KOToporo  ftw.ia  no.ioiKCMa  nocac.iOBare.ibHot  Tb 
b MiMCMCMMM  K.i  h m a t a ii  .iaHAiua<t>Ta  3anaAiioA  CnfinpH, 

npc.i.iaraeMaR  coapeMcHHOft  ria.ieoreorpa4>HCH,  noKa3aAO.  mo  tcm 
ncpaTypHoe  no.Tc  b npe.ic.iax  wop3Aoft  toauih  ropwux  nopo.l  npw- 
X0.1MT  B COOTBCTCTBMC  C M »MC|| l.BUJMMCH  K.THMaTOM  3a  10  — 15  .ICT 
3to  iHawHT.  Bo  nepBbix.  mto  homth  bch  TcppHtopiiH  3anajHofi  Ch- 
6wpM  I la  MCK.TKJMCMIICM  pcMHNX  IIOAm  M MOpCKMX  AaAa,  BOipaCT 
KOTOp bl X MCHCe  15  TblC  .1C1  (JA  ) CAOWCHd  MCpjAN  M M nOpOAdMM, 

AOCTlirillHMM  CBOt‘A  MaKClIMa.TbHOfi  MOUIHOCTM.  M AaAbHeAuiee  H3 
MCHCMHe  nOC.lejMefi.  T3K  JKC  KaK  II  M3MCHCHHC  TeMflCpaTy  pllOTO 

hoar.  fiy.ier  npoHCxoaiiTb  to.ti.ko  Bc.ie.i  Ja  mobhm  lUMeMCHiicM 
K.iHMaTa  3to  jHaniiT.  bo  Bropwx.  mto  TaK  naiNBaeMan  pe.iMKTo- 
b;ih  vepi.TOTa.  cymecTByiomaR  b GopeaAbHoA  ioiie  mo.iiipoBaHiio 
Ha  HCKOTOpOH  r.iyOllHt*.  COXpaHHCTCH  TO.IbKO  nOTOMy,  MTO  CO  Bpt*- 
McHM  rO-lOUCHOBOrO  TCpM IlMCCKOrO  MBKCHMV  M3  ( KOl  Aa  HaMa.TOCb 
npOTaHBaHHC  BCMHOfi  MCpiAOTN)  npOUlJIO  MCHCe  10  TblC.  ACT, 
m mto  owa  naxoAHTCH  Ha  npcAc.ie  cbocto  cymccTBoea hhh 

2 Ah  J.1H3  BCKOBUX  KO.IcOaMIlA  KAMMaTa  R03BOAHA  BNACAHTb 
«a  TcppHTopHit  3ana.iiioA  CiiOnpii  pH.i  paAoHOB.  pa3.iHMHMx  rio 
cTeneHM  h HanpaBAcHHoctu  oaouacMoro  k Konuy  ctoacthh  immc- 
hchhb  K.iiiMaTa,  a bc.hu  ia  hum  h TCMnepaTypw  Mep3Abix  nopo;i, 
laMCTHOf  IlOHHMCHHt  TCMncpdTVpbl  TOpilblX  HOpOA  npOM30HACT. 
no  bhahmomv.  b TytupoBoft  n AccoTy H.ipoBoA  toiiax  perMOHii. 
a b .lectio  A 30iic  TCMiiepaTypa  rpyrna  npaKTHMecKii  mc  hjmchhtch 


flpeAAaracMbiH  mctoa  bbihbachhh  tchachuhh  pa  ibhtiih  bcmhoA 
MCpiAOTbl  HOC H T AOCTilTOMHO  oOlHHH  XapaKTep  II  MO/KCT  6blTb  11  p M - 
MCHeH  .1.1  H .IKjfiOH  Ofi.iaCTIl  pacnpOCTpaHCHHH  BCMHOft  MCpiAOTU. 
Pciy.ibTaTbi  Hpoino3.i  MOryT  6biTb  ncnoAb30BaHbi  iipn  peuicHHH 
UpMKAaAHhlX  npoOACM  B MaCTHOCTII,  TBKOH  np0IH03  6blA  HCnOAb 
•oB.ni  Ha  mu  oueiiKit  HcKOTopux  Bcpomiibix  hocacactbhh  nna- 
HHpycMoA  ncpcftpoCKii  ci  ok  a Q6ii  h towiibie  paAoHN. 


V.  A.  Kudryavtsev,  I..  S.  Garagulya,  L.  M Maximova 

(USSR,  Moscow) 

BASIC  PROPOSITIONS  FOR  SCIENTIFIC  PREDICTION 
OF  ANTROPOGENIC  ACTION  AND  IMPROVEMENTS 
OF  THE  ENVIRONMENT  IN  PERMAFROST  REGIONS 

In  the  age  of  technological  revolution,  man’s  impact  on  the 
environment  has  increased  to  such  a degree  that  there  is  a danger 
of  irreversible  changes  deteriorating  living  conditions  on  the 
earth 

For  this  reason,  efforts  of  researchers  are  nowadays  aimed  at 
developing  a technique  for  determining  the  degree  of  effect  cf  dif- 
ferent forms  of  man  s industrial  activities  on  the  environmen  and 
a technique  for  controlling  natural  processes  This  is  done  with 
a view  to  maintaining  favourable  ecological  conditions.  In  addi- 
tion. methods  are  currently  under  way  for  observation  on  the  evo- 
lution and  alteration  of  landscape,  seas,  rivers  etc 

In  this  report  the  mentioned  methodical  problems  are  consi- 
deud  conformably  to  engineering  geology  in  permafrost  regions 
In  thermodynamic  respect  fru/en  rocks  aie  relatively  unsteady, 
since  under  the  existing  heat  exchange  conditions  on  the  earth’s 
Mirface  abrupt  temperature  variations  are  the  case  on  the  surface 
lot  i year  01  many  years.  This  leads  to  seasonal  or  perennial 
freezing  and  thawing  of  basement  rocks  over  vast  region-  Upon 
a change  in  rocks’  state,  considerable  variations  in  their  proper 
ties  an  observed  attended  by  the  development  ol  specific  cryoge- 
nii  geological  processes  which  are  a powerful  geological  and  geo- 
morphological  tin  tor  affecting  tin  earth’s  landscape  These  proces 
se-  ire  the  following  thermokarst,  heaving  and  rocks’  sediments, 
their  frost  fracturing,  solifluction,  thermoerosion,  formation  of  an 
icing,  etc  Related  to  these  processes  ; > the  formation  of  deposits 
with  definite  structure  and  composition  a\  for  instance,  syngenetic 
perrnatrost  tli  wedge  vein  i - . solifluction  deposits  with  buried 
soil  and  Bros  I he  formation  of  specific  relief  forms,  such  as  alas 
se-.  pingo  . < enietry  mounds,  relief  with  low  centre  polygons,  etc 
are  also  connected  with  these  processes 


The  rate  of  the  processes  and  their  manifestation  under  natural 
conditions  depend  on  the  dynamics  of  the  natural  factors  Tempe- 
rature and  moisture  conditions  of  deposits  and  sedimentation  rate 
are  subject  to  these  factors  which  are  as  follows: 

1 Radiation  heat  balance  of  the  surface 

2 Climate  and  microclimate 

3 Different  natural  lovers  (snow,  vegetation,  water). 

•I  (ieomorphological  structure 

5 Composition  and  properties  of  rocks  in  a layer  of  annual 
temperature  fluctuations 

(i  Regime  of  surface  water,  ground  water  and  supi  apermafrost 
water. 

The  natural  dynamics  of  the  aforementioned  factors  is  notabu 
lor  a high  amplitude  of  changeability  within  a short  spate  of  time 
riiey  also  undergo  considerable  variations  upon  man’s  industrial 
activities,  l or  this  reason,  evaluation  of  their  effect  on  temperature 
and  moisture  conditions  of  deposits,  as  well  as  predicting  a chang« 
m this  effect  are  one  ol  the  components  of  the  general  prediction 
as  to  the  environmental  alteration  It  is  the  initial  stage  for  pre 
dieting  the  evolution  of  cryogenic  processes 

At  the  Permafrost  Studies  Chair  ol  the  Moscow  State  Umver 
sity,  the  principles  of  geocryologieal  prediction  have  recently 
been  developed,  which  enables  one  to  assess  the  dynamics  of  cryo 
genic  and  engineering-geological  conditions  both  in  connection 
with  a change  in  natural  factors  and  under  the  effect  of  different 
structures.  Yet  for  tackling  a problem  on  the  environmental  pro 
tection  these  data  are  not  enough.  Following  the  methods  avail 
able,  it  is  necessary  to  work  out  a complex  technique  for  a long 
term  prediction  of  all  changes  in  the  environment  over  vast  ter 
ritories  where  wide  scale  industrial  development  is  carried  out 
It  is  essential  to  compile  maps  for  predicting  changes  in  the  en 
vironment  under  the  combined  influence  ol  various  construction 
types  and  land-tenure  forms  On  the  basis  of  this  map  alone  one 
can  develop  a plan  of  arrangements  for  controlling  unfavourable 
processes  caused  by  industrial  activities 

The  problem  of  controlling  various  natural  processes  is  compli- 
cated due  to  diversified  relationships  of  the  processes  and  pheno 
mena  It  is  therefore  solved  in  terms  of  a thorough  investigation 
into  the  regularities  of  the  natural  landscapes  evolution  in  history 
and  the  related  geocryologieal  conditions  This  is  attained  only  by- 
conducting  a complex  geocryologieal  engineering  geological  sur- 
vey and  analysis  of  the  ev  idence  available  through  different  paleo 
reconstructions.  Making  on  thi->  basis  ot  models  of  natural  and 
natural-engineering  systems  and  solving  problems  peculiar  to  the 
systems  performance  in  the  future  would  provide  the  required 
information  for  working  out  principles  of  controlling  the  natural 
processes  and  the  environmental  protection 

Tlie  most  efficient  techniques  for  observing  the  environmental 
changes  are  radiophysical  aeromethods  and  space  survey 

In  conclusion,  a diagram  is  suggested  as  to  the  principal  in- 
vestigation types  which  arc  essential  for  arranging  a service  on 
the  environmental  protection 


B.  A.  KytipsHneti,  Jl.  C.  T aftusy.iH,  JI.  //.  MancuMoea 

(CCC.P.  Mochua) 


OCHOBHblE  nOJIO>Kr.HMH  HAyMHOFO  np()rH03A 
AHTPOnoi  EHOBOEO  flPEObPAJOBAHHfl  H V Jl y H UJ E H H B 
OKPV>KAH)lUI  H CPEflbl  B ObJIACTH 
PACflPOCTPAHEHMH  M H O EO Jl ET H EM EP3J1  bIX  flOPOA 


B anoxy  nayuiio  tcwummctkoh  peaoAioiiMii  BoiaeAcTBue  mc-ao- 

HOKa  IUI  npllpOAy  CTilAO  HaCTO.lbKO  3HaMinc.11.HNM,  MTO  HO  UUtK.ia 
onacHocTb  HeoGpaniMMx  npeoCpaaoeaHHA,  yxy.iuiaioiunx  ycAOBMH 
1KH3HH  Ha  3l’M AC. 

IlovTOMy  u MAcroHiiu-c  npcMH  ycHAHR  H c c a e ao  b a to  a e A HanpuR 
Al'HN  HH  paipaGoTKy  MCTOA1IKII  Onpc.ieACHIIH  CTCHCHH  BA  IIH  HI1H 
p a 1AHMHNX  BM.Ion  X01H AcTBCHHOA  1CHTC*A!>H0CTM  MCAOBl'Ka  11.1  OK 
py>KaK»inyK)  cpcAy.  mcioahkii  ynpaBAeHiiH  npupoAiiNMii  upouec- 
caMll  C UCAblO  COXpaHCHHH  ( OllpllMTHNX  iKOAd  HMCCKHX  yc.TO- 

hhh  h MeTOAUMi  iiaGAKucHHH  ia  paanimtcM  h npeofipaaonaitHi'M 

.I.IHAI11.J(|>10B,  MOpcA,  pl-K  >1  T.  A. 

B AaHHOM  aokabac  yKa.iaHHUe  McTOAinecKife  BonpoctJ  pac- 
< Ma rpitBah) tch  iipiiMcHirrcAi.iio  k moKciiepiio  reoAoniMccKoA  cpe.ie 
B oG.iacTH  pncppOCTpaHCHHH  BCMIloA  Mepa.IOTN 
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Mfpj^ye  ropnbir  nopo.iw  b TepMo.in HRMimecxoM  OTHOiueHHii 
BB.IRPOTCR  CpBBHMTf .IbHO  HeyCTOfiMMBWMH.  T3K  KOK  npH  CyUleCTBy- 
miUHx  ycjioanflx  Ten^ooOMeHa  mb  nonepxHocTH  ipm.ih  npoHcxo.iHT 
CMfHa  9H1KB  TeMnepaTypy  Bax  b ro.ioBOM,  Tax  h b mhoto.ipthcm 
fl/llMf , MTO  npMBOAMT  K CP30HHOM y H.1H  MHOrO.ICTHCMy  FipOMep3a- 
HHIO  H.1H  OTTB HB3HHIO  flOJCTM.iaKMUH  X FlOpo.l  Ha  iHaMHTC^bHMX 
TfppHTOpHIX  nPH  H3MeHeHHH  fOCTOHHIIB  nopo.l  Hafi.lKI.iaeTCH  Cy- 
uiecTteNHoe  HiMeHPHHe  hx  cboActb,  conpoBow.iatouieecH  paiBH 
THfM  CnCllH(|>HMBCKHX  Mepi/lOTHO- reO/lOrHHBCKH  X fipOUCCCOB.  KOTO- 
py*  RB.IRIOTCR  MOlUHblM  f OO.IOrHMeCK  I!  M H reOMOp^O.IOrilHPCKHM 
4>aKTopoM.  npeoOpasyiouiHM  .laHaujatpT  jeM.™  K tbkhm  npouec- 
caM  OTHOCBTCR  TepMOKapCT.  nyH6HHe  H OCa.lKH  llopOA.  IIX  MOpOlO- 
6oAhOP  paCTpeCKHBaHHP.  CO-IM^-HOKUMa  M TPpM03p01HB.  na.ie.io- 
odpasoBaHHc  h /ip.  C 3thmh  npoueccaMH  remano  oOpaiOBamie 
ot^owphhA  onpeae.ieHHoro  ctpophhb  h cociaBa.  HanpHMep,  chh- 
rpHPTHMecKHe  Mepi.iue  to.iuih  c k.ihhorh/ihok  h.ii.h  w m h .IbiaMH, 

C0.1H<f>/l|OKUH0HHbJe  OT.IOWOHHH  C flOl'perteMHlJM  II  HOMB.'lMH  H CHP)K- 
HHK3MH  H .ip..  a TaXJKC  CFRMIH(|)HHHUX  (JlopM  pe.lbe<J>a  (HafipUMCp. 
a.iacw,  fty.iryHHBXM.  fiaA.imepaxH.  no.inroHa.ii.Ho-Ba.iHKOBMA  pe- 
•1M*(p  H T.  .1). 

CxopocTb  npoueceoB  h paiMepw  hx  npoHB.iPHMH  b octpctbph- 
HWX  yC.IOBHHX  OnpPne.lBIOTCH  .1HH3M IIKOH  FlpHpO.llfblX  (J>aKTOpOB. 
OT  XOTOpbl X laBMCHT  TPMnepaTypHNH  11  B.laWHOCTHblA  pc>KHM  or- 
.10)KPHHH.  CXOpOCTb  OCa.lKOHaXOn.leHMH  K 3TIIM  (paxTopaw  OTHO- 
CJITCH 

1)  pa.iHauHOHHo-Tpn.iOBoA  fia.ianc  noBepxHOCTH. 

2)  X.TMM.'IT  H MHXpOX.IHMaT; 

3)  paijnmHwe  ecTecTBemiue  noxpoBw  (chckoimA.  pacTHTC.ib- 
HhiA.  bo.ihwA); 

4)  reoMopipo.iorHMPCXoe  cTpoemie; 

5)  COCTaB  H CBOHCTBa  nopo.l  B C.IOP  lOJIOBbIX  KO/lcftailHH  TeM- 
nepBTypbi; 

r>)  pp/KHM  nOBepXHOCTHbIX.  rpVHTOBNX  H lia.IMppi.lOTHNX  BO.l 

EcTecTBeHHaB  jnuiaMHxa  yxa.iaiiHbix  (JiaxTopoH  OT.iHMaeTCH 
fto.ibinoA  aMn.iHTy.ioA  h.imphmh bocth  b xopoTxiip  nepwo.iw  npe 
MPHH  Z*TH  >xe  »|)aKTOpN  FIOJBt*pi  3 K>TC‘H  Cy LUt'CTFH'IIHOMy  H1MCHCIFHK) 
npH  XOlflAtTBOHHOH  .IPBTe.IbHOCIH  MP.IOBt'Xa  HtViTOMy  ounixa  HX 
B.1HHHIIH  Ha  TrMnepaTVpHFJH  II  B.ia>KHOCTHbHI  pOKIFM  OT.IO/Xl-IIIIH. 

cxopocTb  iFaxon.icHHH  h.ih  nepepaCoTKH  n neproT.io>KCHHH.  a Tax>xe 

nporHOF  H3M6HCHIIR  3T0F0  M.1MHHHH  HB.IHCTCfl  0.1II0M  HI  COCT.1B- 

hwx  m.ictpf'i  ofiiiUMO  nporHoja  npeofipa  ioBamin  npiipo/inofl  opcahi. 
it  Hnna.ibHbiM  *TanoM  /i.m  nponio  nipoRaiuiH  paiRimiH  wepi.iOT* 
HbIX  npOHCCTOB. 

B HacTOflinee  BpeMH  Ha  xacjie.ipe  Mcpi^OTOBriemiH  MTV  pa.i- 
pafioTaiFu  of iiohfw  reoKpHo.n it hmftkoio  npoi  ho (HpoitaiiHR.  <ito  ffo- 
XBO.IHCT  OUVHHTb  .IHHaMHKV  Mppi.lOTMWX  H HH'/Ki'HrpHO -rBO.lOniMP- 
fKHX  yC.IOBIlA  xax  ll  CBH.FH  c IMMi  ih  hiIPM  FlpllpO.lllUX  (fl.lKTOpOB. 
Tax  H no.l  B.IFIhMHCM  pai.lHMHMX  l'OOpy)HeHlll'».  O llIBKO  .1.1  H pi-llli*. 
HHH  FlpOfi.K’M N FIO  OXpailp  UplipO.lHOJI  cpe.DJ  iTH.X  1HHIINX  HC.IO- 

cTaTOMHo  HpoCxo.ihmo  Ha  6a3f  cymecTByKuuiix  pa ipaCoTOK  co 
laaTb  kom n.iexcHyK)  MeTo.inxy  .lo.irocpoMnoro  nponioiHpOBaHHH 
BCeCTOpOMHHX  ItlMCHeMFIH  llpHpO.lHOFI  Cpe.lU  ll.I  fto.lblUIIX  llpOCT- 
paiiCTBax.  r.ie  Be.ieTCB  niHpoxoe  xo  ihf’k'tbphho*’  ofHoenFie  Tcppn - 
TOpHH  ^ Heo^XO.lMMO  COCTaB IITb  KapTN  lipOl  HOJa  HlMCFieHHH  llpll- 
po.moA  cpe.ibi  via  thkhp  TeppHTopnit  To.n.xo  na  ochobp  thkhx 
xapT  MOHtno  pa3pa6oraTb  ii.ian  MpponpiifmiA  no  yripan.iciinio  He 
fi.iaronpHBTHWMH  npoueccaMH,  bn  iRaiuiMMii  \o  ooh  tbchhou  irn 
TCJIbHOCTbK). 

npoC.iewa  VFipaB.ieH mh  pai,iH'iHUMH  npFipo.iHWMii  npoueccaMH 
BecbMa  c .io ix na  H3-3a  MHorocToponnHx  cnHiefi  veix  iy  npoueccaMH 

M BB.IeHHHMH  Ee  MOIXHO  peillHTb  FiyreM  BCfCTO/HIHHCF  ()  IF  IV 'If  HHH 
la KOHOMepHOCTPH  paiBHTHH  FFpnpO.lHI.IX  .iaH.llIia(j)TOB  H f BH  tail  11  NX 
c HUM II  r eo x p ho;i o r n m ec x h x yivioHiiA  n HCTopimecxoM  acneKTf  11a 
ocMOBe  MaTepwaaoB  KOMn.iexrHoA  Mop  i.ioinoA  HinxeMepno  reo.io- 
FH'ieiKon  ci.eMKH  >i  aHa.nna  no.iyiemiijx  .lawiiwx  c iiOMouibK) 
pai.iHMHbix  na.ieopexoHCTpyKiuiA  MocTpotMim*  iia  .toh  oaioiie 
MO.ie.ieA  npiipo.iHMx  h npiipo.iHO-TexHHMeCKiix  cmctcm.  a raxixe 
pememic  laAan.  xapaxTepinyKiiunx  pafioTy  mix  ciicti  m.  n r»\ ay 
uu*m  .i.i  ivt  Heoftxo.iHMwe  MaTepna.iu  .i„ih  pa3pa6oTKH  npuminnoji 
ynpaB.ieHHH  npHpo:uH.iMii  FipoueceaMii  h oxpnm.1  oxpyixaioiuen 
cpe.iw 

HanOo.iee  n|n})eKTHBHi.i m if  motoabmu  Hafi.iKi.ieHHH  ia  npeofi- 
paaoBaHHBM u npupo.iHoA  cpe.iw  hb.ibiotcb  pa:i»io<)>H3Hm*cKHe  we- 
TO.i bl  ii  KocMH'iecxaH  ci.eMxa 


V.  A.  KiidryartMv,  V.  0.  AUlamcd 

(USSR.  Moboow) 

THE  CHARACTERISTICS  OF  SIMULATING  NATURAL 
AND  NATURAL-ENGINEERING  SYSTEMS 
IN  PERMAFROST  REGIONS 


The  feature*  of  industrial  development  of  different  regions  are 
to  a considerable  extent  predetermined  by  natural  conditions  In 
this  respect  of  great  importance  are  geological  structure  geo 
morphology  and  climatic  conditions,  as  wll  as  all  the  other  featur 
es  of  a landscape  complex  In  permafrost  regions,  gecKryologusI 
conditions  are  one  of  the  decisive  factors  of  the  phenomenon  The 
nature  and  peculiarities  of  permafrost  distribution  and  of  cryoge 
nic  processes  occurring  in  them  are  frequently  responsible  for  the 
principles  and  methods  of  industrial  development  in  vast  p^rma 
frost  regions 

Of  the  whole  natural  conditions  complex,  geocryological  con 
ditions  arc  particularly  distinguished  by  the  two  basic  features 
hirst  and  foremost,  they  arc  very  dynamic  in  time  The  seiond 
feature  of  geocryological  conditions  is  the  presence  of  phase  tran 
sitioris  affecting  considerably  the  dynamics  and  character  of  geo- 
cryological  conditions  both  for  natural  and  natural-engineering 
systems.  A mathematical  simulation  of  geocryological  and  engi 
Fleering  geological  processes  and  phenomena  in  permafrost  regions 
should  therefore  be  performed  with  due  regard  for  all  these  fea 
tures. 

Of  particular  importance  is  also  the  intimate  relationship  be 
tween  the  geocryological  conditions  and  the  whole  natural  con 
ditions  complex  Each  factor  of  this  complex  (character  and  com- 
position  of  rocks  and  their  properties,  relief  peculiarities,  hydro 
geological  conditions,  climatic  zonation.  soil  geobotanicai  features, 
etc  ) is  responsible  for  the  regularities  of  the  iormation  of  peren- 
nial and  seasonal  frozen  rocks. 

It  follows  that  a mathematical  simulation  of  natural  and  natu- 
ral -engineering  systems  may  be  regarded  only  in  terms  of  the 
general  regularities  of  the  formation  and  evolution  of  the  geocryo- 
logical conditions  as  a component  of  the  natural  and  natural-en- 
gineering systems  Mere  comes  the  necessity  of  using  th«  evidence 
oi  geocryological  surveys  as  a basis  for  the  mathematical  simu- 
lation. 

The  geocryological  processes  are  the  processes  whose  physical 
essence  has  been  studied  and  developed  properly  in  a theory  ol 
heat  and  mass  transfer  in  capillary  pore  media  Therefore  the 
mathematical  simulation  of  these  processes  is  mostly  performed 
by  determinate  methods  based  on  the  solution  of  corresponding 
problems  of  mathematical  physics.  It  is  reasonable  to  applv  sta 
fistical  methods,  primarily  in  processing  geocryological  survey 
data  peculiar  to  both  the  specificity  oi  natural  and  natural  engi 
neering  systems  and  geocryological  conditions,  chang  - ^ within 
the  wide  range  over  vast  regions  under  investigation 

Successful  application  of  the  mathematical  simulate  (|t 
pendent  on  the  choice  of  design  diagrams  and  differential  equation 
systems  representing  in  iull  measure  the  nature  oi  the  processes 
It  has  been  mentioned  that  in  permafrost  regions  the  formation 
and  evolution  of  geocryological  processes  are  expres  ed  by  an 
equation  system  of  heat  and  water  exchange  in  capillary -pore 
media  with  due  regard  ior  phase  transitions.  It  must  be  noted 
that  the  latter  are  the  case  both  at  the  freezing  (thawing!  plan* 
arid  over  the  range  of  temperatures  in  permafrost  upon  the  thermal 
field  dynamics  within  the  limits  of  negative  temperatures 

In  solving  geocryological  problems  differential  equation  >\s 
terns  are  often  used  without  consideration  of  the  phase  transitions, 
but  this  is  unreasonable.  In  gcocryologii  al  phenomena  tie  action 
of  discrete  and  evenly  distributed  internal  springs  and  heat  out- 
lets conditioned  by  the  phase  transitions  is  so  considerable  that 
Tiot  only  quantitative  but  also  qualitative  aspect  oi  simulation  pio 
iessrs  iN  greatly  distorted,  provided  this  factor  is  not  taken  into 
account 

In  simulating  geocryological  conditions,  of  great  importance 
is  the  right  choice  of  the  boundary  conditions  and  values  of  rocks 
heat  physical  features  When  choosing  the  upper  (surfici.il)  boun 
dary  conditions,  it  is  essential  to  use  general  and  particular  rcgn 
laritics  of  the  formation  of  seasonal  and  perennial  frozen  rock* 
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The  regularities  are  established  during  geocryologic al  survev 
Account  should  be  taken  ol  the  effect  of  each  factor  of  the  natural 
complex  on  the  formation  of  temperature  fields  in  rocks  ami  on 
their  water  exchange  conditions 

In  this  respect  of  paramount  importance  is  establishing  the  re 
lationship  between  radiation-heat  balance  of  the  surface  and  geo 
crvological  conditions  One  should  take  into  consideration  both  the 
general  regularities  of  the  relationships  and  regional  features  of 
each  landscape  type  within  the  region  under  stud;.  In  considering 
these  problems,  when  collecting  field  record,  one  must  rely  on  the 
geocryolognal  survey  techniques  available  by  applying  rapid 
methods  in  the  field  and  using  approximation  formulae,  and  bv 
verifying  the  calculations  directly  in  conducting  geocryolognal 
survey  in  the  field 

A successful  study  of  the  general  geocryological  conditions 
during  the  geocryological  survey  is  largely  subject  to  the  right 
choice  of  rocks'  heat-physical  features  Such  a choice  is  done  in 
accordance  with  the  geocryological  survey  data  on  the  heat  physi- 
cal features 

First  and  foremost,  in  simulating  crvological  processes  of  the 
natural  systems  it  is  essential  to  properly  specify  the  course  of  the 
changes  in  the  natural  conditions  (both  of  the  individual  factors 
and  the  whole  landscape  complex)  and  to  associate  them  with  a 
possible  change  in  radiation  heat  balance  components,  with  the 
peculiarities  oi  the  development  of  rocks  temperature  conditions, 
and  with  the  whole  complex  of  geocryological  conditions  It  is 
reasonable  to  conduct  these  studies  through  the  paleogcographic 
history  of  the  region’s  formation,  the  permafrost  history,  and  for 
the  recent  conditions  Following  the  general  regularities,  obser 
vat  ions  can  he  made  as  to  predicting  changes  in  the  geocryological 
conditions  in  the  near  future  due  to  possible  alterations  of  the 
natural  conditions  of  the  region  under  investigation. 

In  considering  simulation  of  natural  engineering  systems  it  is 
also  necessary  to  take  into  account  the  character  of  man’s  indu- 
strial activities  One  should  thoroughly  make  the  choice  of  (he 
upper  boundary  conditions  representing  the  essence  of  the  environ 
menial  distortion  b construction  practice 

Tlie  mathematical  simulation  of  the  natural  and  natural-engi- 
itecnng  systems  together  with  geocryological  survey  is  a powerful 
tool  taking  it  possible  to  establish  a probable  course  of  a change 
in  the  natural  and  natural  engineering  systems  due  to  inherent 
dynamics  of  the*  environment  and  to  man’s  industrial  activities 
All  this  helps  to  determine  probable  predicted  changes  in  geocryo- 
logical conditions  enabling  one  to  choose  for  the  given  region  the 
optimum  principles  and  methods  of  controlling  cryogenic  processes 
to  suit  national-economic  and  environmental  protection  ends. 


B.  A.  KydpHst^ea,  B.  F.  MeAOMed 

(CCCP,  Mqckmh) 


OCObEH  HOCTM  MOJTEJ1 H POBAH MH  riPMPOAHblX 
H n P H POflHO-T  F.  XHMMFCKMX  CM  (ITEM  AJ1H  ObJIACTM 
PAtnPOCTPAHF.HMfl  M HOTOJl ETH EMFP3J1  bIX  flOPQA 


XapaxTep  u oco6chmoctm  npoinitom  rneiiiioio  ocbochhh  pa.i- 
•1 H mi bi x TeppUTOpHH  h .tHauHTc/ibHoA  Mcpr  npeionpeie.'ienw  lipil- 
pO.TH IjI V if  y C.IOBHH  M It  XBpaXTcpOM  reO.IOr HMCCKOrO  CTpOCIIMH,  reo* 
MOp<f>OAO|  Itl'A,  KAMMaTHHOCKHMIl  OCOCcHHOCTHMH  M npOMHMH  xa- 
paxTeoiici iixaMit  .laH.nuatpTMoro  kom’i.h-kc.i  Ha  pacnpocTpaitenne 
MMOro.ieTMeMep3.iwx  ropnwx  nopo.i  it  iHauHTeAbiioH  creneHM 
b.imhiot  reoKpMoaor  MMecKHe  yc.ioBua  AapaKTep  u ocoochhocth 
pacnpoctpaHeHMB  MMoro.ieTMeMepi.ibM  nopo.i  h npoTexatoiune 
B HMX  KpMOreHMbie  llpouecc  U HCpC.lKO  HO  MHOrOM  onpeie.1Hh)T 
npiiHUHnhi  h npMeMW  xomftcTBciiMoro  ocbochhh  06111  npiiwx  Tep- 
pHTODMA. 

Mi  Bcero  xoMnAexca  npMpo.iHUX  yc.ioBnA  reoKpHo.ionmecKMe 
Bbue.iHioTCH  no  AByM  ochobhwm  npMinaK.iM  MpetKAe  Bcero  reo* 
KpllOAOrH'IPCKMe  yCAOBHH  XpaAlIP  .IHHaMHtHhl  Bn  BpeMeMH  Bmp <t H 
0C06eH HOCTb  COCTOMT  II  HaJlIlMHM  (JtalOBWX  lfPp»'XOAOB.  CyiUeCTBPlIHO 
B.1HMKM1UIX  Ha  AHII3M MK V M X.lp.lKlep  reOK pilo.IOIM'iec KHX  VCAOBHM 
K.iK  A.1H  npMpOAMMX.  T3K  H IlpHpU.lllO  TPXHMMet'KHX  CIICTPM  M.1TI* 
MaTtmecKoe  MOAeAHpoBaHHe  reOKpHo.inrMMecxHx  u MMmeHepHO-reo- 
JiorMiecKMx  npoueccoe  m hb.icmiiA  b ort.iactH  hp'imoA  MepaAOTW 

.10.1  MO  npOBO.1MTI.LH  C yieTOM  iTHX  0C06<  MHOC  left 

f 1 pH  1TOM  B.i/MIH  T eC M 8 H BlBHMOt  BHJb  MOK.iy  I POK  pilO.lMl  H«IC 
CKMMM  yC.IOBMHMM  M BCC'M  OCTa.IbMWM  KOMIIAcKCOM  llpllpO.IMWX  V 

.loHMM  Kam.iwA  (ftaKTop  *roio  KOMn.ieKca  xapaxrep  u coctib 
nopo.i  m mx  cboAct bh,  oco6eHHOCTM  pe.ibetpa.  rHApo.ionmecKHc 

yC.IOBMH,  KAHM3T  I!  TIOMBCIIMO  reoGoiailll'IPl  KMC  OCOtSeMMOCTM 


b roA  nan  mhoA  Mepe  onpeaeaneT  aaKOHOMep hoctm  tpopMMpoBaHiiH 
MHoroaeTHe  h ce30HH0Mep.iawx  rqpHwx  nopoa 

IlOiTOM)  MHTCMaTH«U*CKOe  MOaeawpOBaHHe  llpHpOAHUX  H npM- 
pO.IMO -TCXHHMCcKHX  CMCTeM  MOMCeT  npOBOAHTbCH  TOAbKO  OllHpdHt  b 
Ha  OftUlHe  id  KOHOMCp  HOCTM  (pOpMHpOBaHMH  H pdSBMTHH  BCeX  TCO 
KpMoaonmecKHX  ycaoBHA.  B cbhsh  c #thm  B03HiiKaeT  Heo6xo.ni- 
MOCTb  HCriO.lb  I0B8HMH  MaTepMa.IOB  I eOKpMO.IOI  HHCCKH  X CbPMOK 
B KaMCCTBC  OCHOBU  JUl H MaTCMd THWeCKOTO  MO.ie.lHpOBBHHH 

Om jHMecKaH  cymMocTb  reoKpHoaorHMecKHx  npouecros  aona- 
tomho  xopoujo  MiyueHa  h pa3pa6oTaHa  b TeopHM  ien.io-  h mbcco- 
nepenoca  b xanHAAHpHO  nopHCTbix  cpe.iax  MaTeMaTHiecxoc 
MoaeaMpoHaMHe  -»thx  npoueccoa  b ochobmom  ocymecTBAHeTCH  .ie- 
TepMHHHpoBaiiHNMH  MPTo.ia.MH,  ftaiMpyioiiiHMHCH  Ha  peuieHMH 
COOTBCTCTBytOlUHX  aaaaM  MaieMaTMMPCKOA  (J)H3HKH.  npHMeMeHHe 
cTaTHCTM'iPCKHx  MeTOAOB  b AaHMOM  c.iyqae  neaecoo6pa3Ho  raaB- 
mwm  o6paaoM  npn  o6pa6oTxe  /laHiiwx  MepaaoTHpA  c ucmkh,  xapax- 
TPpM3yiOUlHX  K.1K  CHeUMIpMKy  npMpo.iHUX  H npnpO.lHO  TPXHHHeCKHX 
CMCTPM.  T8K  it  reoxpHo.iorH'iecxite  yC.IOBMH.  H3MeHHK)UiHeCH  B UJH • 
poKHx  npeaeaax  na  3HamiTeAt.Hux  TeppmopiiHx  h npe^eaax  hc- 
cac.iycMoro  paAona. 

ycneujMOCTb  MaTewaTH'iecKoro  MoaeawpoBaHHn  onpeAe.iHeTcH 
Bbl6opOM  paCMCTHWX  CXCM  H CMCTPM  JH(|)(|)epPH!lMa.1bH MX  ypaBHC- 
mhA,  HaHdoaee  o6i>eKTHBHo  11  no.iHo  oTpaMvaiomMx  npnpo.iMyio 
cymnocTb  npoueccoB  B oOaacTM  bcimoh  MepsaoTU.  xax  yate  vna- 
3WBaaocb,  (j)opMMpoBaMii('  m pa3BHTMe  reoKpHoaorH'iecKMx  npoiiec- 
coh  onwcwnaoTCH  chctpmoh  ypaBHPHHH  Tenao-  h n.iaroo6.MCMa 
it  KannaaHpMo  noptiLTWx  cpeaax  m o6«3aTeabHWM  y-iemM  (JtaioBUx 
nepexoAOB  CymecTBeMMo.  mto  (|>a30Bbie  nepexoaw  iipomcxo.iht  nak 
na  (jipoHTc  npoMepaaiiHH  (oTTaHBaHiiH ) , Tax  u b AHanaiOHe  tcm 
nepaTyp  b Toamax  Meptawx  ropHbix  nopoa  npn  jHHaMHxe  TPMne- 
paTypHoro  noan  b npeaeaax  OTpHuaTeabwux  TeMnepaTvp 

B npaxTiixe  pemeMHH  reoxpMoaorHqecxHx  ta.ia*i  Hep  iko  no.ib- 
3yioTCH  CHCTeMdMii  .iii(p4>epeHUHa.ibH w x ypaBHetiHH  6e3  yqeTa 
cpaaoBbi x npeBpameHHH.  3to  Meab3n  npH3iiaTb  npHemaeKUM,  no- 
cxo.ibxy  bahh  it  He  nopo>x.iaeMbix  4>a30BWMH  nepexuiaMH  AwcxpcT- 
hux  m pa BiioMcpno  paciipe.ie.ieHH Nx  BuyTpeHHiix  hctomhhxob  m 
ctokob  Teiiaa  b reoxpHo.ionmecKHx  HB.ieHMH x Hat  in.ibxo  bc.imko, 
mto  npeHe6pe>KeHHe  3thm  4>axTopoM  BeaeT  x Mcxa>xeHHio  He 
Toabxo  xoaHMecTBcH  ho  A.  ho  ii  xaqecTBeHHoA  cTopoHbi  MOAeanpy  e- 
mwx  npoueccoB. 

BecbMa  Ba>KHo  npn  MoaeanpoBaiiMH  reoxpHoaorHMecKHx  yc.io- 
bmA  npaBiiabHO  Bw6paTb  xpaeBbie  vc.iobhh  h iHaueHUH  Tenao({)H- 
3HMeCKHX  XapaKTepHCTHK  ropHU.X  nopOA  npM  Bbi6ope  BepXHHX 
( nOBPpXHOCTH  NX  ) rpBHHMHhl  X yC.IORMH  Heofi.XOAMMO  110.1  b tOBdTbt  H 
ycTaHaBAHBaeMbiMH  b npouecce  Mep3.ioiHOH  cbeMKH  o6uihmii  h 

MdCTHNMM  3d  XOHCMepHOCTH  M H (|)OpMHpOBaHHH  CC30HHO*  II  MHOrO- 
.'leTHeMepi.INX  TOam.  npH  310M  HeoOxO.lHMO  VMMTblBaTb  B.1HHHHC 
xajK.ioro  4>«iKTopa  upnpo,iHOro  KOMn.ieKca  na  (jtopviiip • Banne  tcm- 
nepaTypiibix  no.ien  b ropnwx  nopo.iax  h yc.ioBiiH  B.iarooCMeHa 

B II MX 

CaMIJM  1 .1  a B HUM  MuMPHTOM  B 3TOM  BOnpOCC  HB.TfleTCH  yCT3HOB- 
.lemie  CBR3H  Meauy  pa.i nauHOHHo-Ten.iOBNM  6a.umco.M  noBepxHO- 
CTII  II  reOKpHO.IOnmeCKH.MH  yCJIOBHHMH.  II pit  jTOM  CAeAVCT  MMPTb 
H Itiuy  KdX  oftlllHe  3aK0HOMepH0CTH  TdKHX  CBHJeA,  TdK  It  perHO- 
Ita.IbHWe  OCOtSeHHOCTH  .1.1  H KiDK.lOIO  Tima  MeCTHOCTM  B npe.10.iax 
ucc.ie.iyeMoro  paAona.  II pw  c6ope  MaTepiia.iOB  b no.ieBux  yc.io- 
biiwx  c.it  .iyer  6a  titponaTbCH  na  t ymecTnyK)imie  mctoahkh  MCpa.ioT- 
hoA  cbCMKH  c npHMCHCH hpm  3xcnpecc  mcto.iob  b no.ie  c Hcno.ibio- 
B.'lll  IIP.M  npIlrt.lllAellllNX  (ftOpMV.I  M IipOBepKf  »THX  paCMOTOD  HenOC- 
pe.K  TBeiiHO  npn  npoiiiBoacTBe  MepaAOTHoA  cijcmkh  b no.ie 

V‘  Hex  H3yMCHHH  06tHHX  rfOKpHOAOI  HMl  CKMX  yCAOBHH  npM  MCp3- 
aotiioA  rbeMxe  no  MiioroM  onpe.ie.iHPTCH  npnnn.it.nNM  Bu6opoM 
Ten.io<j)H3HqecxHX  xapaxTepncTHK  ropnwx  nopo.i.  TaxoA  BNfiop 
lipOIMBO  HITCH  B COOTBCTCTBH H C .IdHHWMH  MPpi.lOTHoA  CbeMKH. 
KOTOpjIfl  1 1 pOH  3 BO, HITCH  A AH  Onpe.le.lOHHH  TenA0t|)H3H  MeCKHX  Xap.lK- 
TepilCTMK  B HaTypilfalX  yCAOBHHX. 

II pH  Mo.ic.inpoBamiH  KpnoAorHMecKHx  npoueccoB  npiipo.iHbix 
ciictpm  hlo6xo;ihmo  npeaue  Bcero  np.iBH.ibHo  onpc.ie.iiiTb  xo.i 
CCTfClBeilHUX  llJMCHeHIIH  lipiipO.lHhiX  yCAOBIIH  (KdK  0T.1CAMIWX 
<|).IKTOpOU,  Idk  H •inH.lUiaij'TIIOI  O KOM ll.lPKCd  B Ut'.IOM ) . CBHi.lTb  IIX 

c BepoHTHWM  lUMeHemieM  cocTaBAHioiunx  pa.iHauHOHHo-Ten.ioBoro 
CaAaiica  n oco6chiiocthmh  pa  ibmthh  TeMnepaiypHoro  pe>KHMa  nopo.i 
n Bcero  KOMnAcxca  reokpHOAoiimecKiix  yc.ionm'i  TaxHe  HccAe.iona- 
iiiih  ue.iecoo6p.iiHo  npoBoAHTb  Ha  ochobp  iiaAeoreorpaifHmecKoM 
IfCTOplf  II  (j'OpM  MpOB. I HHH  pdHOII.1  B I1PAOM  II  HCTOptlH  paiHIIIUH 
MCp  1.1  MX  TO.’IIU  C \MCTOM  tOBpfMtUMNX  yCAOBItA.  Ha  OCHOBe  o6- 
IHHX  33  KOHOMCpHOCT  l*H  MO/KHO  npoiHOlHpOnaTb  H1MCHCHHC 
I OOKpHOAOr  MMOCKH  X yC.lOHHH  It  6.1M>K.tHllleM  fiy-iyiUCM  It  CBH1HC0HUI* 
.IdPMNMH  II  tMPHPHHHMH  Uplipo  IHWX  yC.IOBMH  .UIHHOrO  pilHOtia 

H p h paccMorpemiH  Mo.ie.inpoBaiiHH  iipupomo  TexiiHtecKHx  cii* 
Clev  Heo6xO.HI MO  Tdk/kt  yiHINBaTb  V.lp.lklep  npOH  tBOlCTBPIIHOA 
It -MTe.il. IfOt  TH  'tc.lOBeK.l  Ocofto  TUl.ITtMbHO  liptl  3Tt»M  lO.DKPH  npo- 
BOAHTbCH  HW6op  BepXHHX  ip.lHM'IHNX  VC.IOBHH  OTpajKaK)Ul»l\ 
CVUlHOCTb  MCKawCItHH  lipiipOAHOH  o6tT.lllOBkH  Hp.lKTItKOA  CTpOII- 

Te.ibcTBa 

T.ikhm  oftpatOM  MaTeMaTimeckoe  Mo.ie.mpoB.iHHe  npupoinwx 
H IlpMpO.IMO  leXIIIIHeCKHX  CIICTCM  R COMflrtHHIl  C Mep  I.IOTHOA  Cl.CM 
KOA  HBAHCTCH  MOIIIHMM  ItHCTpy MPHTOM . n03B0.1HH)lUH M V CiaHOBIITb 
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•epoxTHuA  xo.i  npMpo.qHwx  ii  npopoAHO-TexmmecKiix 

CHcTtM  3i  ever  ecTtcTteHNoA  AHxaMiikH  npHpoAMofl  cpe.iu  ii  npo 
H310aCT»eHH0A  ICXTejIbMOCTH  He.lOBeKa  B COOTBeTCTBHH  C 3TIIM 
onptaeaafTca  nporHoxHpoaaHiie  MiMVMeMHA  reo« p HO.KHH'H'C k h \ 
yc.ioaHA,  noiao.xHKHiiiix  auOpaTb  onniMaabHbie  naa  .lamioro  p.n'i- 
ohb  npxHUHnbi  h npMf Mhi  ynpaa.icHHB  Mep wiothum  npoueccou 
■ HapoaHOxoiaAcTBcHHUx  ue.iax  h b ue.iax  oxpaHbi  oKpywaiomci'i 
cpeau 


L.  S.  Garagulya,  V.  A.  Kudryavtsev, 

E.  I.  Nesmelova 

(USSR,  Moscow) 

THE  ROLE  OF  RADIATION-HEAT  BALANCE 
IN  PERMAFROST  EVOLUTION 

Thermal  state  of  rocks  in  the  earth's  crust's  upper  levels  is 
determined  bv  a structure  of  the  surface  radiation-heat  balance 
and  by  heat  flux  from  its  interior  The  amount  of  solar  energy 
(transformed  into  thermal)  which  is  specified  by  the  annual  heat 
circulation  is  lost  through  the  formation  of  rocks'  temperature 
conditions  The  value  ol  the  annual  heat  circulation  can  be  obtain- 
ed from  an  equation  of  the  earth’s  surface  radiation-heat  balance. 
The  equation  has  been  worked  out  lor  a half-period  of  heating  or 
cooling  of  the  surface  and  basement  rocks. 

Q = R-LE-P,  (1) 

where  Q is  the  value  of  positive  or  negative  heat  circulation  through 
soil  surface,  in  Cal  m2;  P is  the  radiation  balance  in  Cal/ms,  LE 
are  the  heat  losses  due  to  evaporation  from  the  earth's  surface 
in  Cal/ma,  P are  the  heat  losses  due  to  turbulent  heat  exchange  of 
the  earth's  surface  with  atmosphere  in  Cal/m® 

The  relationship  of  heat  circulations  in  soil  and  rocks  to  the 
earth’s  surface  temperature  conditions,  to  thermal  conduction  and 
thermal  capacity  of  rocks,  and  to  water  phase  transitions  in  rocks, 
is  well-known,  it  may  be  expressed  as  follows: 


Q^MepC-fCW-f  t 2 1 \ . (2) 


where  l is  the  depth  of  seasonal  thawing  oi  freezing  of  soil  anil 
rocks,  in  ni;  Arv  is  the  amplitude  of  annual  temperature _ fluctua- 
tions, average  in  a layer  g,  in  ’C,  C is  the  volumetric  specific  heat, 
in  Cal/m3  deg.  /.  is  the  coefficient  of  soil  thermal  conduction,  in 
Cal/ni  deg  h.  Q,„  is  the  heat  of  water  phase  transition  upon  thaw- 
ing or  freezing  of  soil  in  a layer  fc.  in  Cal/m3.  /•„  is  the  average 
annual  temperature  of  rocks  at  a depth  of  seasonal  thawing  or 
freezing,  in  rC,  T is  the  period  year).  hour 

From  the  equation*.  (I)  and  (2)  it  is  possible  to  obtain  a v.ilue 
for  average  annual  temperature  of  soil  and  rocks  subject  to  the 
components  of  the  earth's  surface  radiation-heat  balan<<  and  to 
geological  factors  which  arc  responsible  lor  rocks  hcatphy steal 
properties 

R -IE  - P - UnAtpC  FQ+) 

In  the  period  of  cooling,  due  to  abrupt  reduction  of  solar 
energy  influx  and  to  increase  in  the  surface  albedo  (after  snow 
fall),  the  earth’s  surface  temperature  in  the  regions  of  permafrost 
and  seasonal  freezing  of  soil  is  determined  primarily  by  effective 
radiation  As  soon  as  the  radiation  balance  becomes  negative,  and 
the  surface  temperature  falls  to  zero,  the  process  of  water  evapo- 
ration from  the  surface  practically  ceases,  the  turbulent  heat  ex- 
change significantly  decreases  and  changes  its  sign  At  that  time 
h*-at  return  from  rocks  into  atmosphere  proceeds  b\  thermal  rndia 
tion  l or  this  reason,  the  negative  radiation  balance  representing 
the  surface  effective  radiation  in  winter  may  be  related  to  average 
annual  temperature  of  rocks  through  negative  heat  circulations 

7W 

The  equation  (4)  is  a particular  vase  of  Hie  equation  (3),  and 
the  limits  of  its  applicability  are  determined  by  specific  climatic 
conditions 


The  relationships  under  review  are  of  great  importance  for 
investigations  into  thermodynamics  of  rocks’  upper  levels.  On  this 
basis  it  is  possible  to  define  a regular  change  in  temperature 
conditions  of  rocks  with  different  composition,  thermophysical  pro 
perties.  hydrogeological  and  tectonic  conditions  in  connection  with 
the  structure  of  the  earth’s  surface  radiation-heat  balance 

The  formation  of  the  earth’s  surface  radiation-heat  balance  is 
subject  to  a complex  of  geological  and  geographical  factors,  which 
is  shown  on  a map  of  heat  exchange  conditions  (the  scale  of 
I 7 500  000)  compiled  for  the  USSR  permafrost  regions  at  the 
Permafrost  Studies  Chair 

The  effect  of  each  factor  on  the  features  of  the  radiation  heat 
balance  structure  and  on  rocks’  temperature  conditions  is  roughly 
determined  by  various  empirical  formulae.  Using  the  formulae, 
one  can  assess  changes  in  rocks’  temperature  conditions,  perma 
frost  formation  or  thawing  depending  on  the  radiation  heat  ba 
lance  structure  for  specific  sites. 

Following  the  relationships  obtained,  measures  can  be  outlined 
on  controlling  geological  conditions  through  a directed  change  in 
the  radiation-heat  balance  structure  for  trie  most  reasonable  in 
dustrial  development  of  the  territory  in  connection  with  man's 
industrial  activities. 


JI.  C,  r apmyAn,  B.  A.  Kydpne^a,  E.  H.  HecMtAoaa 

(CCCP,  MockbcO 

POJlb  PAAHAUHOHHO-TEllJlOBOrO  5AJ1AHCA 
B PA3BMTHH  MHOrOJlETHEMEP3JlNX  FIOPOA 

TcnaoBoe  coctohhhc  ropuux  nopoa  b eepxHMx  ropmomax  jcm- 
•iom  xopbJ  onpe^ejmeTCH  cipyKTypoA  paanamioHMo-TenaoBoro  6a 
.laHca  noeepxHOCTH  h TenaonoTOKOM  m3  ee  Heap.  Ha  4>opMHpoBaHiic 
TCMnepaiypHoro  pexiHMa  ropHux  nopoa  pacxoaye-rcH  Ta  qacib  co.i 
hcmhoh  mepnm  (TpaHC()>opMHpoBaHHoA  b Ten.ioByio).  KOTopan  on 
pe.ie.iHPTCH  roAOBMM  Ten.ioofiopoTOM  Be.iMMHHa  ro/ioBoro  tcii.io- 
ofiopoTa  mo>kpt  6biTb  onpeae.ieua  mi  ypaiiHeiiHH  paanauHOUHO-nn 
jiOBoro  Ca.iaHca  scmhoA  noBepxHocTii.  cocTaB.neHHoro  .iih 
nonynepnoAa  HarpeBamiH  hah  rto.iynepMOAa  ocruBaHHR  noeepxHOcni 
h nojCTM.iaiomHX  nopoa.  to. 

Q = R — LE—P,  (I) 

rae  Q Beaumma  nOAOWHTe.ihHoro  ii.ih  OTpiiuanvibHoro  roaoBoro 
Ten.ioo6opoia.  npoxoAHtuero  Mepe3  noBepxHocTb  hombu.  kkha  m . 
P pa.waiwoHHhiH  f>a.ia hc.  KKaa/M2;  Li.  3aTpaTu  Ten  a a na  hc 
napeHiie  c noBepxHocTii  hombu.  KKaa/Ma;  P — laipaTu  Ten.ia  Ha 
t ypfiy.icHTHbift  ren.ioortveH  »cmhoA  noaepxHocTH  c aTMOccpepoii. 

KK3.1  M2 

06meH3BCCTHaH  laBHCHMOCTb  TCn.lOOfiopOTOB  B ROM  BO  H ropilMV 
nopoaax  ot  TeMnepaT^pHoro  pextHMa  3C*ihom  noBepxHocTii,  ren.io- 
npoBoaHocTH.  TenaoeMKocTM  ropnux  nopoa  h <t>aioiuJ\  npcBpaun - 
HUH  Boau  B nopoaax.  3th  3aBMCIIMl)CTb  MOJKPT  fibITb  HUp.l/KlH.I 
c.i e a y m mu  m 06 p a30M : 

Q E(«AcpC+Qc>)+V  2«  ) , (2) 

rae  g — r«iy6iiHa  ce30HHoro  oTtaiiBaHiiB  ii.ih  upoMepiaHUH  noMB  u 
ropnux  nopoa,  m.  Avp  aMnanryaa  roaoBW.x  KaiefiaHHii  reMiiepa 
Typu.  cpeaiiHH  b c.ioc  °C.  C ofn.oMHaw  Tcn.ioeMKocTb  rpyiu  i. 
kk«i.i/cm3  rpa.i;  >■  ko*^iJ)(|»mhmcht  Ten.ionpoBoaHOciH  rpyrna. 
kkii.i  m rpaa  m;  t^cp  — Ten.ioTa  (pa30Boro  nepexoaa  boau  npn  oTTaii- 
BaHiiu  imii  npoMep3aHHii  rpyHTa  b c.ioe  kku.i  w\  t-  - epe ihbh 
roaoBHH  TeMiiepaiypn  ropnux  nopoa  na  ray6nne  ceioHHoro  orrau- 
BaiuiH  nan  npoMcp3amifl,  °C;  T — nepHoa  tioa),  m 

III  ypaBiiomiH  (I)  h (2)  mojkho  no.iyiim.  uiaMiHiie  epoam- 
roaoBoA  TeMiieparypu  noMB  u ropnux  nopoa  b laBnciiMiu  rn  or  co- 
CTaB.iHMHunx  paanamioHHO  TeiivioBoro  6a.ianca  u mhoA  nociepxHocni 
1 n reo.iorimccKiix  tyaKTopoB,  onpeae.iBKmmx  renaoipiuimeiKHe 
CBoiicTBa  Maccima  nopoa.  t.  e. 

A»  l.F.-P  - « (nAcpC  4 QcP)  . 


li  nepitoa  ocrUBaHUH  reMneparypa  jewnoii  noBepxHociii  i»  «- 
aacm  noMHofi  wepi.iorw  h ceionHoro  npoMepjaHHa  iio'ib  m rpyHvon 
Bc.ieacTBiie  pe.iKoro  coKpaiuemm  npnxoaa  coAHeMHoA  iiioni  mi  it 
yncMiwcNiiR  a.u/nMo  noBep.xHocrH  (noc.ie  HuuaaemiH  chci  «i  t oiipe 
Ae.iBCTCB.  raaBH um  oopaiow.  3(|)if»eKtHBHUM  in.iyMemieM  Kov.ia 
paanaiuiomiuA  6a.iam  cianoBurcH  oipnuaTC.ibtiUM.  a leMiiepaiypa 
noBepxHocTii  noHiDKaeTCH  ao  Hy.iH.  npouecc  ncnapemiH  B.iaiH  l no 
BepxHocTii  iipaKTUMecKii  npoKpamaeTCB,  TypOyaenniuu  reiuoooMcii 
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cyuiecTBeHHO  yueHbUjaeTCR  h MCHRfT  caoA  aiian  B *to  bpcmr  or- 
ais«  Terwia  ns  ropxux  nopoA  b aTMoopepy  nponcxoAur  nyieii  Ten 
.10BOTO  H3.iy  MeHMM  rio»TOMy  OTpHUBTe.lbMWA  paflHBUMOHMWA  6«- 
.laxc,  npeacTaa.iBhjiuHA  coftoA  *<p<peKTNBHot  ei.iyieMMe  tioaepxHo- 
ctm  b jhmhhA  nepHOA.  Mt*pej  oTpmiaTe.ibHwe  TeriAoofiopOTU  mowct 
CyTb  CBN31H  co  cpeAneroAoaoA  TeMiiep«T>  poA  nopoj  czieAyiotuHM 
o6pB30M: 


A?  — 5 inAfpC  +■  Qfp) 

~vw~ 


(4) 


YpaBHeHHe  (4)  HBAHeTCR  RacTHbiM  CAywaeM  ypaBHOHHR  (3), 
npeje.iu  ero  npw mchm mo< th  onpeAeAHioTeR  KOHKpeTHMMH  kahm3 
THMeCKHMH  yCAOBHRMH 

PaccMaTpHBaeMbie  aaBucHMOtTH  HMeior  OoAbtuoe  3Ha«reHiie  aar 
HCC^eAOBBHHR  TepMOAHHbMMKM  BepXHHX  rOpHXOHTOB  TOpHVJX  nopOA. 
rio*M«eTCR  BOSMOMNOCTb  yCT3HOBAfHMR  3BKOHOHepHOrO  H3HeHe- 
hhr  TeMnepBTypHoro  pexuiM a rpyrnos,  OTAHvaiouiHXCR  coctbbom  h 
Ten.TO<t)N3HMeCKNIiH  CBOACTBaKH.  rHAporeOAOrHMfCKHMM  HTeKTOHMMe- 
CKHMM  yCAOBMRMH.  CBR  )<1HHUMII  CO  CTpyKT}poA  p3AH8UHOHHO*Teil- 
zioaoro  CaAaHca  jewHoA  noaepxHocTH 

OopMHpoaaHHt  paAHauHOHHO  Ten.ioBoro  Ca.iaHca  3eMHoA  no- 
BepxHocTH  onpeAP.inercji  KOMn.ieKcoM  reorpaipHMecKnx  h reoAorn- 
necKMx  (paKTopoB.  mto  BupaweHo  u KapTe  yc.iOBHH  TenAoofiMeHa 
(Macimaft  I 7500000).  cocTaB.ieHHoA  wa  KaipeApe  Mep3AOTOBeAe- 
HHH  AAR  TeppHTOpMM  pacnpOCTpaHeHHH  BeWHOA  Mep3.10Tbl  B npe- 
AeAax  CCCP 

B.iHHHHe  KaxcAoro  (paKTopa  Ha  ocoOeHHocTH  cTpyxiypu  paAHa- 
UHOHHO-TenAOBoro  Ca.iama  h TeMnepaTypHuA  pew h m nopoA  npn- 
Aaiukchho  onpeAe.ifieTCH  paa.iimHMMH  3M riHpHMecKtiM  h (popMy.iaMH 
Il0.1b3yflCb  3THMH  (popMy.iaMH.  MOWHO  OLiCHHTb  H3MCHCH HR  TfMIlC- 
paTypHoio  pewHMa  nopoA.  ofipaioBanne  hah  OTiaHBaHHe  MHorozieT- 
HeMepJAUX  TOAUI  B 3a BHC HMOC1 H OT  CTpyKTypU  paAHamiOHHO  Tea- 
zioaoro  fia.ianca  aar  KOHKpeTHbix  yqacTKOB. 

Ha  ocHOBaHHH  noAVMeHHwx  aaBHCHMocTcA  MoryT  6wTb  onpeAe- 
aphu  MeponpHRTHR.  HanpaB.ieHHue  Ha  niMPHeHne  CTpyKTypu  pa* 
AHauHOHHo-TenAOBoro  Obabhcb  aar  HaiiCoAee  pamioHaAbHoro  npo- 
H3BOACTBeHHOrO  OCBOeHHR  TeppHTOpHH  h oxpanbi  npHpoAHoA  CpeAbl. 


V.  S.  Yakupov.  V.  M.  Kalinin 

(L'SSR  Yakutsk) 

METHODS  OP  MAPPING  OP  PERMAFROST  THICKNESS - 
COMPILING  REGIONAL  MAPS 

The  study  of  permafrost  morphology  and  its  thickness,  in  parti- 
cular. comprises  one  of  the  main  problems  of  geocryology’  The 
most  complete  investigation  of  permafrost  is  possible  with  the 
help  of  geophysical  operations  in  sufficiently  deep  wells  These 
geophysical  operations  allow  one  to  study  the  geothermal  field 
and  to  determine  independently  the  permafrost  base  position,  that 
is  necessary  if  the  ground  water  is  not  fresh  However,  this  work 
advances  extremely  slow,  as  the  positioning  of  deep  wells  and 
mines  is  determined  by  the  location  of  industrial  or  promising 
fields  of  mineral  deposits  and  large  settlements.  As  a result,  there 
is  no  a well  on  vast  territories  with  extreme  natural  conditions 
and  the  situation  will  not  change  in  the  nearest  future.  Therefore, 
it  is  very  important  to  use  broadly  and  systematically  geophysical 
methods  tor  determination  of  permafrost  thickness  At  present,  a 
method  of  this  problem  solution  is  developed  with  the  help  of 
electrical  depth  sounding  (EDS)  technique  Electrical  interface 
coincides  with  the  boundary  separating  rock  with  different  phase 
conditions  of  free  water  containing  in  them  The  determination  of 
permafrost  thickness  by  EDS  technique  i*-  possible  in  the  following 
conditions  a)  electrical  boundary  on  which  specific  electrical 
resistance  falling  to  two  and  more  times  is  in  line  with  the  per 
mafrost  base,  b)  frozen  rocks  make  up  a p.irt  of  a thick  litholo 
gical  homogeneous  terrain*  and  tin  nature*  of  the  boundary  deter 
mined  is  beyond  doubt.  < ) frozen  unconsolidated  deposits  do  not 
shield  permafrost  base  These  conditions  (b\  permafrost  thickness 
being  more  than  100  m.  which  Is  typical  of  the  northern  region  i 
are  easily  carried  out  and  controlled  w’hen  frozen  strata  is  a bed 
rock 

By  present  time  a large  volume  of  work  has  been  done-  on  de 
termination  of  permafrost  thickness  by  using  EDS  technique  in 
eastern  Siberia  and  in  the  North  East  ol  the  USSR  Thus  geocryo- 
logy possesses  method  of  determination  of  permafrost  thickness  by 
EDS  technique  and  has  rietessary  experience  of  its  application 


Nevertheless,  provision  of  compiling  of  permafrost  thickness 
maps  for  vast  areas  with  sufficient  amount  of  actual  material  cor* 
responding  to  the  map  scale  is  still  the  work  of  very  large  volume. 
Therefore,  more  expedient  is  map  compiling  on  the  basis  of  rtgu 
larities  relating  permafrost  thicknesa  to  factors  known  For  inst 
ance.  for  the  areas  composed  by  rocks  with  approximately  equal 
heat  conductivity  and  fresh  ground  water,  change  in  stationary 
frozen  strata  from  point  to  point  under  other  equal  conditions  is 
determined  by  mean  annual  rock  temperature  variation.  Mean  an 
nual  temperature  directly  and  indirectly  usually  depends  on  eleva 
tion  of  the  region  For  Chekanovskiy  Ridge  correlation  coefficient 
between  the  elevation  of  point  and  permafrost  thickness  is  0.6. 
relation  is  linear  here  According  to  the  data  of  EDS  technique 
relation  between  the  average  values  of  permafrost  thickness  H and 
absolute  marks  h is  given  by  the  regression  equation 

/f  ^0.64A-f-320;  100  m < A 500m  (1) 

This  equation  allows  to  calculate  permafrost  thickness  appa 
rently  everywhere  within  Chekanovskiy  Ridge  as  geomorphological 
unit  It  is  necessary  to  specify  south  west  boundaries  of  the  region 
of  the  equation  application  as  it  will  he  seen  further  eastwards  in 
Verkhoyanskiy  Ridge  permafrost  thickness  is  subjected  to  other  re- 
gularity. 

Similar  feature  was  found  for  Anaharskiy  crystalline  massif 
where  permafrost  thickness  increases  rapidly  with  altitude  hypso* 
geothermal  gradient  is  larger  than  geothermal  one 

/7  — 1. 1 74  + 180;  l00m<A<700m  (2) 

It  is  possible  that  for  definite  area  permafrost  thiekness  doesn't 
change  with  altitude  or  changes  only  slightly  as  a result  of  inter 
action  of  all  factors  In  this  case  existence  of  relation  between 
absolute  marks  of  day  surface  h and  base  of  permafrost  h,„  is 
expected  This  also  allows  to  calculate  permafrost  thickness  at  any 
point  of  the  region  Such  relation  which  is  rather  clo^-  (correla 
tion  coefficient  being  0.66)  was  stated  for  Verkhoyanskiy  Ridge 
northern  extremity  to  which  Chekanovskiy  Ridge  discussed  above 
as  adjacent  in  the  west 

— 0.68A  350;  tOOrn  h -r  500m.  (3) 

In  the  basin  of  Olenek  River  middle  course  with  salted  ground 
water  permafrost  thickness  is  subjected  to  rather  extreme  and  sig 
nificant  variations  caused  by  the  changes  of  ground  water  mmera 
lization  The  main  tasks  of  the  investigation  of  permafrost  thick 
ness  in  such  regions,  in  the  plan  considered,  arc  the  definition  of 
its  mean  value,  dispersion  characterizing  variation  amplitude,  i e 
function  of  permafrost  thickness,  the  possible  trend  of  permafrost 
thickness  mean  value  and  improvement  of  the  region  boundaries 

On  the  basis  of  the  existence  of  the  regularities  of  the  type 
described  the  following  method  of  compiling  of  permafrost  thick- 
ness regional  maps  is  suggested  It  allows  to  use  widely  electrical 
depth  sounding  technique  for  the  determination  ol  permafrost  thick 
ness. 

1)  mapped  territory  is  divided  into  the  area  stable  bv  possible 
large  number  of  factors  determining  permafrost  thickness  (taking 
into  account  geological  composition,  rebel  and  hydrogeological 
conditions) , 

2)  the  relations  for  each  of  them  are  defined  as  the  equations 
of  regression  between  the  frozen  strata  thickness  and  determining 
n directly  or  indirectly  variable  factors  known  or  easily  found. 

3)  in  the  ease  when  these  relations  are  absent  the  function  of 
permafrost  thickness  distribution  n composed. 

4)  refined  are  the  boundaries  of  areas  in  the  In  its  of  which 
these  equations  or  distribution  functions  are  valid  When  it  is  ne- 
cessary the  additional  works  are  carried  out 

As  a result,  the  amount  of  data  needed  tor  the  compiling  of 
permafrost  thickness  maps  (of  predetermined  scale)  ior  specilu 
region  may  be  reduced  up  to  number  sufficient  for  the  determma 
lion  of  the  relationships  required,  i.  e reduced  rather  significantly 


B.  C.  ftxynoB,  B.  M.  Ko.iuhuh 

(CCCP.  Hkytck) 


METOA  C O<  TABJ1LHMH  PETHOHAJIbH MX  KAPT 
MOillHOCTER  MEP3J10R  TOJIIUH 

II.iyMOHHr  MOpipOAnniH  MepiAoA  T0AIHH.  B MaCTHOCTH  CC  MOIU- 
hocth.  npeAcraBARCT  oanv  in  ochobhux  npoft.ieM  m e p ha otobo ac h i . h 
HanfioAec  noAHo  MccAeAoaaTb  Mrpuue  toauui  boh  mow  ho  c novo- 
uibio  reorparJiHMecMix  pafxn  h aoctbtohho  rziyftoKHx  cKBaxotHax, 
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no3»cwiH»mHx  H3yMaib  reoTepMimecKoe  noAe  m onpeaeAMTb  noAo- 
»eMMe  MNNiNeA  rpaHwuw  iiepajioA  toauih  b cjiynae,  ecAH  noA3eM- 
■Me  BOJM  Me  HBAHIOTCII  fipeCHUMH.  OaHBKO  9TB  psOOTB  flpOABH- 
rteTCB  MpeaBUMaAHO  mpaachmo.  nocKOAbKy  pacnoAOwtHHe  rAyGoKHX 
CKB6MMM  M U1BXT  3BBHCMT  OT  pi3MetlieHHN  npOMUUIAeHHHX  npPA- 
npMBTMA.  nepcneKTMBMUX  MeeTopojKAeHiiA  no.ieaHux  HCKonacMbix 
n KpynNMx  HacejieHHwx  nymcTOB. 

B pe3ynbT8Te  wa  rpoMaflHux  TeppiiTopHRX  b ochobhom  c 3KCTpe-  J 

MBAbHblMM  npHpOAHMMH  yCAOBHHMH  HOT  HM  OAHOA  CKBajKHHbl, 

m b 6.iMM(aAuieM  0yAyuitM  no.ioJKPHMe  hi*  mimchhtcb.  TIoiTOMy  aah 
OnpOAeJICHMB  MOIUHOCTM  Mep3AoA  TOAUIH  (MMT)  OMeHb  BSKHO  him  - 
poMo  m n.iaHOM eptto  HcnoibaoBBTb  reo^>M3MMecKHe  MeTOAM.  K Ha- 
CTomueny  BpeMeHH  aar  peuieMHR  stoA  3 a a a m h p«3pa6oT8H  MeTOA 
■epTHRBJlbMOro  9.ieKTpHMeCKOrO  SOHAHpOBBHHfl  (B33).  3^eKTpHMe- 
ckir  rpiHMua  paaAe.ia  coBnaAaeT  c rpannueA,  pasAeARiomeft  ropHue 
nopoau  c pa.i.iimHuMif  (pa3oBUMH  coctohhhhmh  coAepwameAcR 
B HMX  CBOGoAHOlTl  BO.IU 

OnpeAe.ieHwe  MMT  mptoaom  B33  bo3mojkho  np«  c.ieayioiuHx 
yC.IOBHRX:  HHJKHPH  jpaHMUP  Mep3A0H  TOAUIH  COOTBfcTCTByeT  3AeKTpil- 
uecKaa  rpaHHua,  Ha  KOTopoA  yAe.ibHoe  3AeKTpimecKoe  conpoTMB- 
.leHwe  yMOHbiuaeT  r b 2 paaa  h 6o.iee,  MepaAue  ropHbie  nopoAbi 

C0CT3B.1R10T  MaCTb  AOCTaTOMHO  MOU1HOH  AHTOAOntHeCKH  OAHOpOAHOH 

to<iiuh  h npupoAa  onpeAe.iRCMoA  rpamiuu  He  BbianBaeT  conmeHiiA; 
nepajiue  pwxAbie  otaojkchmh  hp  sKpamrpyiOT  muKHiofo  rpaHnuy 
Mepa.ioA  to.iuih.  Ecah  M.MT  Go.ibuie  100  m.  hto  h cbohctbchho 
ceBepNMM  paAona.M,  3Tii  yc.ioBHR  HaiiGoAee  .nerno  BbinoAHRiOTCH 
H KOHTpO.llipyiOTCH  B TOM  C.iyMae.  KOrAa  MCp3Abie  nopOAbl  RBARIOTCR 
CKBAbHUMH. 

K HacTORiueMy  bppmchh  npoBPAeHu  3HamiTe.TbHbie  paGoTid  no 
onpeAe.ieHHio  MMT  mptoaom  B33  b BoctomhoA  Ch6hp«  h na  ce- 
BPpo - BOCTOKC  CCCP 

TeM  HP  MPHPP  AJ1H  nOCTpOPHHH  COOTBCTCTByiOlUero  MacUlTaOa 
KapT  MMT  KpynHwx  peniOMOB  noJiyHemie  aocTaTOMHoro  Ko.iHMe- 
cTBa  4)aKT»mecKHX  jaHHbix  no-npewHeMy  oct3Ptcr  paGoTofi  OHCHb 
Oo.ibiuoro  06 "be m a I"Io3TOMy  Go.iee  ue.iccoo6pa3HbiM  iipeACTaB- 
ARCTCR  COCTaB.IPHHP  KapT  Ha  OCHOBe  3aKOHOMCpHOCTeA,  CBR3blB3K)- 
IUHX  MMT  C H3BPCTHblMH  (paKTOpaMH. 

ManpHMpp.  aar  panoHOB.  caojkphhijx  nopona mh  c npHMepno 

OAHHaKOBOH  TCn.lOnpOBOAHOCTblO  H lipeClIblMH  nOA3CMHUMH  BO  A 3. Mil 
H3MCHPHHe  MOIUHOCTII  CTaUHOHapHOH  MPp3.lOH  TOAUIH  B pa3AIIMHUX 
TOMK3X  npH  npOMHX  pauilbix  yc.TOBHRX  onpPACARCTCR  KOAeCailHRMH 
cpcAHeroAOBoA  reMncpaiypu  ropHbix  nopo;i  TIoc.ieAHRR  — oGumho 
n np«Mo  n kocbphho  (Mepei  rPOMO|)(pO.TOniMCCKHe  ocoGchhocth)  3a- 
BMCHT  OT  BIUCOTU  MPCTHOCT1I  Ha  A VpOBHeM  MOpH.  C.lPAOBaie.lbHO, 
CBHlb  MCAAN  MMT  H BbUOTOH  T04KH  HaCUKUCHHH  H3A  ypOBHC.M 
Mopfl  MOJKCT  CyiUeCTBOBaTh  B 3aBHCMMOCTH  OT  COOTHOUidUlR  IPO- 
rc p m h rpc Koro  h nuu'OMeTpu'tecxoro  rpaAHPHTOB.  Jl.w  Kpn>Ka  Me- 
KaHOBCKOTO  KO*(p(pllUIICHT  KOppCARUHH  MP/KAy  BNCOTOH  TOMKM  II 
MMT  paBPH  0.0.  CBH31.  MP>K  1\  HIlMM  .HIHCHIiaH.  C.BR3b  MOK.iy  cpel* 
HH MM  iHaMCHHHMH  MA\T  H,  tlO  A3 II HUM  B33,  H aGfO.I lOTHblM H OT- 
MeTKaMH  h nupa/KacTPH  ypaBHPHHCM  perpecciiH: 

77~0,64A-f320;  100  m < h <500  m.  (1) 

3to  \ paBHCHlIP  I103B0.1RPT  BU'IIIC.IMTb  MMT,  FlO  BHAMMOMy, 
B nppjc.jax  K p H >K a l)»  KnilOBCKOIO  KaK  IfOMOpCpO-lOl  HMOCKOtl  0AH- 
hhliu  rioA.ic/Kar  vtohuphuio  huo -tanaAiiuo  rpaimuu  npHMeifHMO- 
CTH  ypaBHPIIIIH  BOCTOMHPP.  B BepXORHCKOM  xpi*f)TC,  MMT  IIOA‘111- 
HRPTCH  I1IIOH  aaKOHOMppHOCTH. 

rioAoCnafl  laBHciiMocTb  yctanoBAPHa  a.ih  AHaGapcKoro  Kpu 
cTa.iAiiRccKoro  waccHBa,  h npeAe.iax  KOTopoio  MMT  c Bucoiofi  pa- 
CTeT  PUlP  GucTpCP  - rHnCOTPpMHMPCKHH  rpaAHPHT  GOAbUiC  reOTCpMII- 
RPCKOrO 

H = l.!7A-f- 180;  100m<A<700  m.  (2) 

BOIMOJKHO.  HTO  A.IH  KOHKppTHOIO  paAOHB  B pciy.lbTaTP  B3ailMO- 
APHtTBlIR  BCPX  4>akrop<>B  MMT  C BUCOTOM  HP  II3MPHRPTCH  11.111  II  ♦ 
MPHRPTCM  B CpaBHHTCAbHO  HpGo.lblllllX  I1pPl«Aa\  B 3TOM  C.IV'iai* 
c.iPAyeT  omii  iatb  cympcTBoBamiH  cbhui  mpjka)  aGco.iKiiHUMii  or- 

MPTK.IMII  AHPBHOH  HOBPpXHOCTH  h II  HIDKIIPII  rpaMHUM  MPpi.lOM 
TOAUill  HIO  T3K*e  noiBO.lHPT  BUMHCAIITb  MMT  A.IH  .IIOOOll 

TOHKH  paAOHa  TaKHH  AOBOAbHO  TPCIIHH  l BH  4b  (K(l34Ktn,,lH<,,,T  KOppp- 
.iRUim  paapH  O.G6|  Gw.ia  ycTaHOBACHa  a.ih  cPBppHOH  okohp'ukh m 
BcpxoRHtKoro  xppGra,  k KOTopon  c jana.ia  iipiiMUKaeT  Kpn >k  ll« 

KaHOBCKOTO 

Hy  -o,6KA  350;  100  m ' h ' 500  m.  (1) 

B GacceAne  cpe  inero  tpmphiih  p.  Oaphpk,  c mco.i<*hhum:i  ii o.i 

K'MHuMII  BOI.IMM,  MMT  HCHUrUliaiT  AOBOAbHO  pPlKIIC  IHaMIITP  Ib 
HUP  hO.K'GaHMH.  oGyc.lOBAPHHWP  II  iMl'HPHHRMII  MIIHi'pa.IH  13111111  ROA 
Ml'P  JAOTHMX  BOA  Ol  HOBHUVflf  l.l  iaHaMK  lipif  IMyWIIIIII  MMT  T.’IK II \ 
paflOHOB  HH.IHKiU  H OlipCAlMPIIHP  »'»’  CpPAIU  I O UI3MPHHR,  AHClIPpPIIII, 
xapaKTPpinyKHUPH  .iMn.niTy.iy  KOAeGamiA.  t p iJtyHKiuin  paciipp  u 
aphiih  MMT.  BtnMo/KHoro  TppHAa  i ppAHero  oi.i'k  huh  MMT  n vto»i- 
hphhp  i panmi  pafioHa 


C ym'ToM  ta KOHOMppHoi'TPH  oiiHcaiiHoro  THiia  nppAAaraeTCR  cAe- 
AVKHUMH  MPTOA  COCTaBAPHIIH  piTHOHaAbHUX  KapT  MMT,  OCHOB3H 
HUII  lid  UiHpOKOM  HCMOAb  IOB3HHH  AAR  PP  OnpPAPAPHMH  MeTOAB  B3)3 

KapnipyeMBR  TPppiiTopnH  paiAPARCTCR  Ha  paAoHM,  CTaGiiAi* 
hup  no  boimojhho  Go.ibUiPMy  mic.iy  4>aKTOpoB.  onpeAeARioiiiHx 
A\MT  (c  yMPTOM  reoAoruRpchoro  cipopHiiH,  pe.ibp^a  n rHAporeo.io- 
rimecKoA  oGcthhobkh); 

AAR  KaMAOro  M3  HIIX  OTUCKMHalOTCH  CBH3H  — B BHAe  ypaBH<' 
IIMM  pprppCCHH  MPJKAy  MMT  H OlipeAeAHKUUHMH  ee  IipRMO  HAH  KOC- 
HPlIHO  UPppMPHHUM II  (paKTOpaM  H,  H3HPCTHUMH  HAH  ACTKO  onpPAP' 
AHPMUMII.  PC  AH  TBKIie  CBH3M  OTCyTCTByiOT,  CTpOHTCR  (pyHHUHX  p 3C- 
npPAPAPHHR  MMT; 

yTORHRIOTCR  rpaHHIlU  paflOHOB  HAH  yHHCTKOB,  B lipPAPAax  KO- 
T Op U \ 9TM  y pa BHPH HH  llAll  (pVHKUHH  paClipPACAPHlIH  IlMPIOT  CHA>, 

ii  b c.iyqae  hcoGxoahmoctm  iipoboartcm  AonoAHHTeAbHbie  paftoTu 
B peiyAbiaie  koaiimpctbo  AaHHUX.  hcoGxoahmux  npn  nocipoc- 
h mi  KapT  MMT  aaAaHHOro  MacmTaGa  aah  KOHKppTHoro  penioha, 
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THERMAL  REGIME  OF  YAKUTIA  LANDSCAPES 

Yakutia  is  one  of  the  regions  on  the  globe  with  the  most  rigo 
rous  climate.  It  suffices  to  say  that  the  “pole  of  cold"  of  the 
northern  hemisphere  is  located  here  The  vast  extension  of  the 
territory  causes  somewhat  different  general  climatic  as  well  as 
heat  balance  characteristics  from  region  to  region  In  extraordi- 
nary multifarious  natural  conditions  (forest,  reservoirs,  glaciers, 
icings  etc.)  peculiar  microclimates  are  developed  and  they  are 
not  enough  investigated 

Thermal  regime  of  open  areas  of  land,  tn  Yakutia  a warm  or 
seasonal  thawing  period  or  the  period  with  constant  positive 
dai l\  air  temperatures  lasts  2 2.5  months  in  arctic  part  and  in 
highland  of  the  North-East  and  5 5,5  months  in  central  and 
southern  regions  The  amount  oi  positive  air  temperatures  over 
this  period  makes  up  400°  in  arctic  tundra  and  1600°  in  Central 
Yakutia. 

The  total  radiation  during  the  season  amounts  to  35  kcal/crn* 
in  Arctic  up  to  70  kcal/cm2  in  the  Far  South  Radiation  balance 
ranges  from  15  l(i  kcal/cm2  in  arctic  and  highland  regions  to 
33  kcal  in  Central  and  South  Yakutia.  Heat  flow  to  the  soil 
forms  2 kcal/cm2  on  arctic  islands  and  in  highland  and  4 kcal/cm2 
in  central  and  southern  regions 

On  the  territory  ot  Yakutia  the  depth  of  seasonal  thawing 
varies  from  0,5  m in  Arctic  to  4,5  m in  the  south 

A cold  or  the  seasonal  freezing  period  or  the  period  with 
constant  negative  air  temperatures  lasts  0.5  10  months  in  Arctic 

and  6—7  months  in  southern  and  central  regions 

The  severity  of  temperature  conditions  m winter  changes  in 
Yakvtia  not  from  the  south  to  the  north  as  in  summer  hut  from 
the  south  west  to  the  north-east.  Ihe  largest  amount  of  negative 
temperatures  (7000°)  is  in  the  inter  montane  depressions  of  the 
north-east.  It  is  somewhat  below  in  the  arctic  and  Central  Yaku 
tia  (5000  6000  | whereas  in  the  south  of  Yakutia  it  varies  from 
3500  to  4500  C. 

During  the  season  the  total  radiation  ranges  between 
40  kca|/cm2  in  the  arctic  islands  and  30  kcal/cm2  in  the  southern 
regions.  The  exceeding  of  the  radiation  occurs  due  to  extended 
spring  But  75  SOT  of  heat  is  lost  bv  the  reflection  from  mv»\\ 
and  ice  Radiation  balance  changes  from  4 kcal/cm2  in  tlw 
north  to  zero  in  the  south  The  heat  loss  by  soil  ground  is  irmn 
2 kcal  in  the  northern  regions  to  t kcal  in  the  central  and 
southern  ones 

In  winter  soil  ground  is  the  coldest  in  the  intermontane  dc 
pressions  of  Ihe  north-east  and  Central  Yakutia  They  are  maimer 
in  the  arctic  Yakutia  and  the  warmest  ones  are  in  the  south  west 
of  the  territory 

Thermal  regime  of  the  forest  The  forests  predominate  in  the 
Yakutia  landscape  Except  tundra  they  cover  about  HO  oi  tin 
territory  The  forest  reduces  the  total  heat  and  mo  stnre  cuh.mgt 
In  the  north  of  Yakutia  , of  radiation  arrives  under  the 
while  in  the  Central  Yakutia  it  makes  up  half  and  in  the  southern 
part  oi  the  radiation.  In  summer  the  forest  cools  the  -ml 

ground  and  in  winter  warms  it  Because  of  the  predominant  <>i 
winter  conditions  in  Yakutia  the  forests  have  mainly  warming 
influence  here 

Thermal  regime  of  tin  basins  In  Yakutia  by  places  th«  lake 
chciipy  10  30"-.,  oi  the  territory  During  the  warm  period  radia 

turn  balanie  of  the  lake  surface  is  about  30'\,  high  than  that  o: 
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the  land  But  due  to  considerable  heat  loss  in  the  evaporation  and 
heating  of  air  and  water  the  heat  flow  to  the  basin's  bottom  is 
negligible,  especially  for  the  big  takes  But  in  winter  the  basin 
protects  ground  from  cooling  As  a result  ground  is  warmer 
under  the  basins  There  are  through  taliks  (an  unfrozen  zone) 
under  the  big  lakes  and  rivers  against  the  background  of  conti 
nuous  permafrost 

Thermal  regime  of  glaciers.  Glaciers  are  mainly  spread  in  the 
mountains  of  the  North  East  In  summer  they  absorb  a large 
amount  of  heat  for  melting  In  winter  they  are  good  protection 
for  ground  Despite  the  most  severe  climatic  conditions  in  these 
regions  permafrost  is  relatively  warm  in  the  upper  layer  under 
glaciers. 

Thermal  regime  of  icings.  Icings  are  spread  in  the  North  East, 
Southern  and  Central  Yakutia  In  contrast  to  glaciers  they  are 
"warmer''  as  they  give  off  heat  on  water  freezing  During  sum 
mer  they  usuall)  completely  melt  In  winter  the  icings  not  only- 
protect  soil  ground  from  cooling  but  also  make  them  warmer 
In  the  early  summer  before  melting  icings  slightly  prevent  the 
ground  from  warming  up  On  the  whole  soil  ground  at  the  icing 
sites  are  warmer  Through  or  above  permafrost  t.iliks  exM  r\ 
place*?. 

Peculiar  equivalent  heat  balance  regime  formed  under  natural 
conditions  in  each  locality  Its  disturbance  results  m changing  of 
thermal  and  moisture  regime  of  specific  sites  This  fact  should 
hr  taken  into  account  m the  development  of  northern  territories 
where  nature  is  very  sensitive  to  changes  f or  instance  cutting 
down  of  the  forest  leads  to  ground  freezing  but  surface  cover 
disturbance  sharply  increases  permafrost  table  and  this  causes 
soil  swamping 

Heat  protective  and  w'arming  effects  of  water  basins,  icings 
and  etc.  b>  proper  water  regulation  may  be  used  for  the  purpose 
of  heat  amelioration  of  lands. 
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TEfUlOBOn  PE)KMM  JlAHiUllA<t>TOB  flKYTHH 

KyTHH — OAHa  H3  C8MMX  CYpOBUX  Ofi.iaCTCH  3CMHOIO  llKipa, 
aiiecb  HaxojHTcsi  «nojiioc  xo.io.ia*  ceeepnoro  no.iyiuapHH.  Bo.ii.maH 
npOT HJKCH HOCTb  ee  oCyC.IOB.IHBaeT  HCCKO.IbKO  pa&nH'IHUe  K<1  K 06- 
tUHe  K.1HMaTHMeCKHC  Xap3KTf pHCTMKH,  T3K  U xapa KTepHCTHKH  Teil- 
/ioboto  Ga.iaHca  pa3AHHHUx  .laHAUiacfnoB,  r,ie  HMeiOTca  cboh  mu- 
KpoK.uiMaTu  (Aec,  BO.aoeMbi.  ae.iHiiKii,  na.nc*AH  h t.  a),  Koiopue 
HayMeHU  erne  wa.io. 

TeimoBou  peauiM  otkputux  npocrpaHCTB  cyuiit.  Ten.iuA  nepiica 
B KyTHM  | H.1M  nepHOA  CC30HH0r0  TIpOTailBailHH.  HAH  nepHOA  c ycToft- 
miBbIMH  nOAOJKHTCAbHldMH  cyTOHHUMH  TCM  Iicpa  Typa  M II  B03AyX<l) 
A.ihtch  ot  2 — 2.5  MecHueo  b apKTimecKoA  qacni  ao  5 — 5,5  MecmieB 
B UeHTpa.IbHIJX  II  tOJKHblX  H3CTHX.  Cy  MMH  nOAOHVHTe.l bHbIX  TCM FIC- 
paTVp  B03AyX.)  la  3T0  BpCMH  COCTaBAHCT  OT  400°  B apKTimeCKOH 
TyiiApe  ao  1 600  b ueHTpa.ibHoA  qacTH  HKynni. 

CvMMapHafi  paAHaUHH  ceion  coci.iB.iHeT  ot  35  kkha/cm2 
b apKTHMCCKoA  wacTH  ao  70  KKaji/cM2  Ha  KpaftHOM  tore;  paAitaunoH- 
huh  fia.iaHc  — ot  15—16  kk3J|/cm3  b apKTimecKiix  n BucoKoropHux 
paAoHax  ao  33  KKaa/cM2  b ueHTpajibHofi  m iojkhoh  nacTHx  Akynin; 
TenAOBOH  noToK  b noHBy  — ot  2 kk.i.i/cm3  na  apKTHiecKHX  ocTponax 
h b BbicoKoropbe  ao  4 kkba/cm2  n uempa.ibHux  h iowhux  paAonax. 
r.iyGmia  ceioHiioro  npoTaHBaiiuH  immchhctch  no  reppiiTopiin  Axy- 
THH  OT  0.5  M B ApKTMKe  AO  4.5  M if  a K>re 

Xo.ioahum  nepHOA  (h.ih  nepHOA  cciomioro  npoMepianHH.  h.ih 
nepiioA  c ycToftqiiBUMH  OTpimaTe.ibHUMn  TeMnepaTypavu  B03Ayxa» 
AAHTCH  OT  9,5—  10  MeCHUCB  B ApKTHKC  AO  6—7  MCCH  HOB  II  IOKHIJX 
h iicHTpaabHUx  paAonax  CypoBOCTb  TevmepaTypHwx  ycAOiinfi  in* 
MoA  H3MC*HHeTCH  B flKVTHH  MC  C \OVH  Ha  ceBCp,  KaK  .1CTOM.  3 C KUO 
♦anaAa  »«a  ceiiepo  boctok  CaMaa  6o.ii.maH  cyviMa  oTpHiiaTP.ibm.ix 
TeMiiepaTvp  (7000°)  b Meacropnux  KOMOBimax  ceBepo-BocTomvoA 
qacTH,  B apKTHMCCKoA  It  UeHTpa.IbHOA  HaCTHX  JlKyTHH  Olia  HPCKO.1l.KO 
MeHbiue  (5000  6000°),  a via  lore  ona  coeTan.iHCT  3500  — 
4500°. 

CyMMapHaa  paAiiaunn  ia  ceion  rorTan.iHeT  ot  40  KKa/t/cw2  iia 
apKTHiet  khx  ocrpOBax  ao  30  KKa.i/cM2  b khknmx  paAonax.  Ilpenu- 
uieHiie  paAHaumi  b Apkthkc  hb.ihctch  pe.iy.ibTaTOM  npoAOJincit 
Te.ibHoft  BecHU  Ho  75—  80%  tpii.ih  TepuPTCH  oTpaiKCHHOM  ot  cnera 
h .ibAa  PaAitamioHHUH  Oa.iaHc  b reBepnoA  nacTii  panen  1 kkb.i/cm2, 
b wokhom  qacTM  — Hy.H'BoA  PacxoA  Ten. la  non  bo  rpyHTaMH  coct.ir- 
.iH*  r or  2 k k a .1  h ceBepnux  paAonax  ao  4 kk.i.i  b ueiiTpa.ii.HWx  n 
kj/khux  flanOoAee  xo.io.inue  non  bo  rpynTw  ihmoA  h MoxcropHwx 
KoT.ioBiiHa x cesepo-BocTOMnoA  m ueiiTpa.ii.HoA  nacTHx  Akynin. 
B apKTH’iecKoA  m.icth  AxyTHH  ohm  nn.iee  HanOo.iee  Ten/iue  — 
b Kjro-aanaAHoA  nacTH  Akynin 


TenAoeoH  pexcuM  Aeca.  Jleca  b Anymn  cocTas.iHiOT  npeoC.ia 
ABkiuxmA  thii  aaiiAUia^iTa  Jlec  oc.ia6.iHCT  o6iuhA  Ten.io-  h B.iaroo6- 
Men  Hoa  noaor  aeca  b ceBepHoA  nacTH  RxyTHH  nocTynaei  npn 
MepHO  */«.  b uenTpa.ibHoA  uacTH  KyTHM  — */* . a b kj>khoA  hbcth 
HnyTHM  — AHiiib  '/a  paAHaiiHH  /Iec  oKaauBaeT  aeTOM  ox.iawAHf. 
uiee  BAHHHvie  Ha  iiohbo  rpyHTU.  a ihmoA  — oTcnaniouiee  IlocKo.ibKy 
b KyTHH  npeo6aaAaoT  ihmhhA  pemHM,  to  b ueaoM  aeca  3Af*cb  oka- 
aueaioT  OTenAHiouiee  bahahhc. 

TenAonoU  pevcuM  eorioeMOti  B hpkotopux  paAoHax  KyTHH 
oaepa  3aHHMa»OT  10—30%  n.iomaAH  PaAnauHOHHuA  Ca.iaHc  no- 
sepxHOCTH  03epa  b TeiiAuA  nepnou  upHMepHO  Ha  30%  Buuie  paAHa 
unoHHoro  OaAaHca  0Kpy>KaK)uieA  cyrnu  O.iHaKo  Bc.ieACTBne  6o.ib- 
ujoh  laTpaiu  TtnAa  Ha  HcnapeHHe  h nporpenaHHe  Boi.iyxa  h boau, 
TenAoeoA  hotok  b aho  BOAoena.  ocoOeHHO  A.m  OoAbiuHX  03ep,  ne- 
3HamiTeAeH  OAHano  b jHMHee  apeMH  BOAoeM  3auiHiuaeT  rpymu 
ot  Buxojia>KHBaHHR  B pe3y.ibTaTe  noA  BOAoeMaMM  rpymu  Ten.iee, 
a hoa  KpyriHUMH  03epaMH  n pehaM h Ha  <$»0He  cii.ioujhoA  cbchhoA 
Mepi.ioTu * cymecTByioT  cKBomue  tbahkii 

TeriAoaoH  pexcuM  AeOnuKoa.  JleAHHKH  pacnpocTpaHCHU.  r.iaB 
hum  o0pa3OM,  b ropax  ceBcpo  boctomhoA  qacTH  *1ctom  ohm  no 
r.iomaioT  Oo.ibuioe  Ko.iHHecTBO  Ten.ia  Ha  TaHHtie  3hmoA  ohii  hb 
.ihiotch  xopomeA  lauiHToA  a.ih  ropHbix  nopoA  HecMOTpn  via  naM- 
6o.iee  cypoBue  k.i h ManmccKHe  yc.iOBMH  b *thx  paAonax.  noA 
. le.lH IIKa M H BPM H 3H  Mepi.’IOTJ  B BepXHCM  C.lOe  HMPCT  OTHOCIITe.1l.HO 
HbicoKyio  TeMnepaTypy. 

Tcn.wuou  pcmum  huacOcu.  Hj.icaii  pacnpocTpam-Hu  b ceBepo- 
BOCTOMHOH,  lOIKHOH  H UCHTpa.IbHOH  H3CTHX  ^KVTHM  B OT.1HHHC  OT 
.ipamhkob  ohh  6o.iee  «Ten.ibie»,  TaK  KaK  BbiAc.iHK»T  Ten.io  npn  ia- 
Mepiamm  boau.  Ja  .iero  ohii  oCuhho  noAHocTbK)  OTTaiiBaioT  3n- 
moA  »! a.icAit  hc  To.ibKo  3auimuai0T  ot  Buxo.iaavHoaHiiH  iiohbo 
rpyHTU,  ho  u OTen.iHioT  iix.  B ue.iow  uohbo -rpywru  Ha  na.ieAHUX 
ynacTKax  6o.iee  Tcn.iue,  a MecTa.Mii  hmciot  mccto  ckboihuc  h.ih 
ltaAMCp3J10TIIUC  T3.1HKH. 

B ecTecTneiinbix  yc.ioBHHx  b k3>kaom  H3  MecTonoAO/KOHiin  c.io- 
>kh.ich  cboh  paeiioBecHuA  pejKiiM  Ten.ioRoro  fia.ianca.  MapytiieHiie 
ero  npiiBOAHT  k Hapywenmo  pentHMa  TeriAa  n B.iani  otip.ii.hux 
ynacTKOB.  3to  hooOxoahmo  ymnuBaTb  ripii  ocBoeHHM  ceBepnux  Tep- 
pilTOpilH,  TAP  npiipOAa  OHem.  HyBCTBHTe.lhHa  KO  BCHKIIM  IHMCHP- 
hiihm . TaK,  BupyCha  Aeca  cnocoOcreyeT  ripoMpp3aHmo  r py htob.  ho 
HapyuieHiie  iianoMBeHiioro  nonpoBa  npiiBOAHT  k peiKOMv  uobuiup- 
hiik)  BepxHero  ypoBim  Mep3.iOTU,  hto  npiiBOAHT  k 3ci6o.iaminaniuo 

Ten.ioaamiiTHUH  h OTen.inioiiuiA  u(u(ipkt  boaocmob.  via.ie.iefi  ii 
Ap  . npn  cooi bptctbv khiicm  pery.iiipoBaHuii  boa,  mo/Kci  OuTb  itc 
nO.lbiOBUll  A.IH  Ten.lOBOH  MCMHOpailllH  rpyHTOB. 


B.  A Yurtsev,  A.  I.  Tolmachov,  O.  V.  Rebristaya 

(USSR,  Leningrad) 

SECTORAL  DIFFERENTIATION 
OF  THE  ARCTIC  FLORA  (AF) 

I.  One  of  the  most  vulnerable  components  of  the  arctic  nature 
i-.  flora  Tile  strategy  of  preservation  of  the  AF  gene  pool  should 
be  based  on  floristic  subdivision  of  tlu*  Arctic  (A  ) 

2 The  rise  of  the  modern  arctic  landscapes,  having  resulted 
from  the  formation  ol  the  permanent  sea  ice  cover,  dry  and  > on-t 
a »it I v cold  airmasses,  and  permafrost,  was  a globe  scale  e\. 
of  Lite  Pliocene  that  brought  about  the  present  zona t ion  of  lh< 
\ hemisphere  Combined  with  the  neotectonic  orogene'.is,  r 
much  extended  the  areas  of  alpine  floras  in  the  N hemisphere 
and  thus  favoured  the  consolidation  of  cryophytc  complexes  the 
coming  in  contact  of  more  southerly  alpine  floras  previously 
separated,  the  joining  of  the  northern  ones  to  the  general  system 
of  cryophytic  flora  exchange  via  A.  the  “empire"  of  .-rvopiiytes 
Vast  alpine  areas  in  the  northern  taiga  zone,  dominated  t>>  i mdra 
eryophytes.  are.  in  fact,  the  prolongations  of  A The\  are  the  only 
areas  beyond  A itself,  where  are  known  scattered  relic  localities 
of  spp  ur  even  genera  practically  endemic  to  \ (e  g Draba 
subcapitata,  l)  mairoc.upa,  the  both  spp  of  Phippsia.  I'oa  ab 
breviata)  Due  to  peculiarity  of  ils  flora  traced  over  hug*  areas, 
A deserves  the  rank  of  a floristic  region,  which  is  accepted  by 
the  most  ol  authors 

Diagnostic  features  of  the  arctic  floristu  region  (AFR)  are 
I The  endemism  not  to  consider  the  taxa  scarcely  penetrating 
into  A,  c«  1000  spp  of  vascular  plants  are  native  of  it.  more 
than  '/io  of  which  being  endemic,  the  endemic  or  suhendenm 
genera  arc  Dupontia.  Phippsia,  Pleuropogon  s str . Arctophila 
and  possible  some  otheis.  the  eiidemn  taxa  <*f  an  above-species 
level  .ire  found  in  I’oa.  Puccinellia.  Papaver.  Draba.  ( eravtiiim, 
(iastrolyehnis.  laraxacum,  and  many  other  genera  main  of  the 


arctic  endemics  are  thriving,  ubiquitous  elements  of  AF.  2 The 
peculiar  taxonomical  structure  of  AF  which  is  characterized  by 
the  absence,  or  decrease  in  importance  (if  compared  with  more 
southerly  floras),  of  many  phyletic  lineages  and.  resp  . the  in- 
crease of  the  share  of  the  most  tolerant  lineages,  the  distinctions 
from  boreal  floras  are  minimal  in  the  southern  hypoarctic  tundra 
subzone,  growing  progressive!)  poleward,  one  can  mention  the 
prevalence  (in  the  high  A ) of  bryophytes  and  lichens  over  vas- 
cular plants  by  the  number  of  spp  , and  the  lack  of  gvmnosperms 
The  distinctions  of  AF  from  boreal  floras  are  jlso  determined  by 
the  eco  physiological  and  constitutional  features  of  arctic  plants, 
different  vectors  of  evolution,  the  peculiarities  in  speciation  and 
f loro  genesis  3 VV  do  not  r»  n r to  AI  K proper  tin  treeless,  and 
mostly  lacking  permafrost,  areas  with  an  mcatm  climate  in  tin 
Atlantic  sector  t SNA  . S and  SI  Greenland  lc  eland,  lac-roes.  north 
ernmost  I enno  Scandia ) and  tin  Panin  seder  (the  Alaska 
Pernns . the  Aleutian  and  ( ommander  Ms  . tin  northern  and 
middle  Kuril  Isis,  the  Anadyr  Penzhina  province  of  silainks.  i e 
large  hemi  prostrate  shrubs),  whose  floras  are  dominated  bv 
oveanic  and  suboceann  spp  alien  to  A proper,  boreal,  hypoarctic 
and  hypoarctic -alpine  The  question  is  whether  it  is  correct  to 
include  the  above  territories  into  Al  K as  2 subregions  the  North 
Atlantic  and  North  Pacific  4 We  distinguish  within  AFP  proper 
»>  provinces  (mapped  in  Vurtsex  Problems  of  phy togeograph)  of 
NE  Asia.  P)74.  Leningrad.  "Nauka”  lig  31)  1 The  East  Sibe- 

rian. with  4 subprov  Taimyr  (incl  North  Land).  Anabar 
Olenek  Kharaulakh.  Nana  Kolyma,  II  The  Chukotka.  with  tin 
Continental  Chukotka  and  Beringian  Chukotka  siibprovirucs.  and 
' the  Amguema  transitional  circuit  (the-  lower  reaches  of  the  Ana 
dvr  R along  with  the  northernmost  Koryak  Coast  can  he  eon 
sidered  as  the  3-rd,  South  Chukotka  subpiov  ).  Ill  The  Alaskan. 

. with  2 subprov  Beringian  Alaska  and  North  Alaska  (the  NW 
1 Alaska  circuit,  incl  the  western  spurs  of  the  Brooks  Range,  is  tin 
\ counter  part  of  the  Amguema  transit,  circuit),  IV  The  Canada 
i Greenland,  with  5 subprov.  Central  Canadian  (incl  SW  portion 
I of  the  Archipelago).  West  Hudsoman  (incl  NW  and  central 
! parts  of  the  Baffin  L).  Ellesmere  North  Greenland.  West  Green- 
land. and  East  Greenland,  V The  Baffin  Labrador.  VI  The 
; European  West  Siberian,  with  4 subprov  Kanin  Pechora. 
\ Ural  Novaya  Zemlya.  Yamal  Gydan.  Svalbard  (incl  I ran/ 
\ Joseff  L ). 

The  Nan  Mayen  I,  on  one  hand,  the  northern  islands  of  the 
Bering  Sea  cOtomveto  Isis  , St  Lawrence  l . St  Matthew  l ).  on 
the  other,  with  their  depauperate  oceanic  floras,  are  treated  as 
\2  autonomous  circuits  Thus,  we  follow  the  longitudinal  sectoral 
* principle  of  division,  accentuating  the  historical  features  of  dif 
1 ferent  parts  of  APR.  the  influence  of  regional  factors  (topography, 
ilithology,  etc  ) as  well  as  the  degree  of  continentality.  (The  lati 
jtudinal  differentiation  of  the  A plant  cover  is  shown  on  a special 
scheme  of  phytogeographic  sub/ones  of  the  tundra  zone,  complied 
|)\  the  authors  ) An  analytic  list  of  spp.  and  races  has  been 
Complied  for  every  province  and  subprovtnee,  that  includes.  1)  the 
Ondemics  and  subendemics  of  the  given  ph\  toehorion;  2)  the  other 
differential  spp  entering  it  from  S or  having  here  a separate 
ijhragnicnl  of  file  range,  3)  the  west  and  east  co  differential  spp 
which  are  in  the  given  phy  toehorion  at  either  the  east,  or  the 
vyest  limit  of  distribution  and  thus  overlap  only  here.  4)  the-  ne 
gative  differential  and  negative-codifferential  spp  lacking  in  the 
p)iy toehorion  hut  being  present  in  the  both  neighbouring  ones  or 
oiliy  in  one  of  the  two 

Since  a floristic  peculiarity  of  different  sectors  manifests  it 
self  in  dissimilar  ways,  one  needs  the  complex  estimation  of  the 
peculiarity  according  to  several  criteria,  which  suggests  “weigh 
ing"  different  floristic  distinctions  Sectoral  endemism  is  well 
represented  hut  in  the  II  and  III  provinces  forming  the  Beringian 
seel  or  More  universal  criteria  are  the  selective  northward  pent* 
t ration  of  boreal  and  alpine  spp  into  different  sectors  of  A as 
well  as  the  ratio  between  continental  and  oceanic  elements  The 
most  homogeneous  units  in  our  scheme  are  subprovinces  (IH), 
whereas  the  provinces  (except  the  V)  are  natural  assemblages  of 
subprovinces  groupped  according  to  their  maximum  floristic  si 
nulaVity  by  the  above  criteria  Our  scheme  is  the  1st  detailed 
floristic  subdivision  of  the  whole  A.  provided  with  a minute  cha 
ractdrisation  of  every  phytochorion  5 The  floristic  integrity  of 
AI  R is  determined  by  the  great  share  in  Al  of  circumpolar 
plant?)  | J/5  up  to  more  than  */>  of  the  spp  of  a local  flora,  the 
ratio' increasing  poleward)  along  with  fhc-  wide  distribution  of 
continental  plants  in  A The  floras  of  continental  sectors  nearly 
laikirfg  the  oceanic  elements  are  separated  in  the  vicinities  ol 
Bering  Strait  only  by  “mixed”  (continental  oceanic)  floras  of 
thi  Omkchi  and  Seward  Peninsulas  and  by  a v»r\  narrow 
“oceartic  wedge”  of  insular  floras,  the  continental  floras  o:  Asia 
and  North  America  conjugated  more  than  once  during  Pleisto 
» enc  in  the  times  that  the  Beringian  shelf  was  exposed  In  the 
Atlantic  bordering  parts  of  A , the  sector  of  “mixed”  floras  is 
much  wider,  especially  in  lower  latitudes 


The  distribution  of  continental  elements  in  A.  was  nearly 
continuous  during  the  global  marine  regression  in  Late  Pleisto 
cene.  and  probably  also  in  Late  Pliocene- Early  Pleistocene.'  i e 
during  the  very  time  of  the  establishment  of  the  modern  arctic 
landscapes;  one  can  assume  that  the  permanent  sea  ire  rover 
has  formed  earlier  in  the  Amerasian  sub  basin  of  the  Arctic 
(Polar)  basin,  than  in  the  Euramerican  one,  and  since  that  time 
has  been  keeping  more  stable 

The  distribution  of  oceanic  elements  expanded  during  sea 
transgressions  (incl  the  Ffolocene  transgr  ) and  could  have  been 
continuous  in  Pliocene,  i e before  the  establishment  of  the  per 
manent  sea  ice  rover  in  A The  persistence  (since  the  Late 
Pleistocenei')  of  the  set  of  steppe  plants  in  the  Wrangel  I and  the 
SW  islands  of  the  Canadian  Archipelago  does  not  fit  the  hypo 
thesis  of  the  complete  disappearance  of  sea  ice  in  A during  warm 
phases  of  Holocene,  and  suggests  the  preservation  of  the  ice 
cover  at  least  in  the  Amerasian  sub-basin.  The  Atlantic  sector 
and  partially,  the  Beringian  were  influenced  by  glaciations  and 
marine  transgressions  to  a greater  extent,  than  the  continental 
sectors,  while  getting  free  of  ice  or  sea.  the  territories  with  a 
transitional  climate  were  being  populated  from  vast  continental 
refuges  and  more  southerly  (less  extensive)  oceanic  ones 


B.  A.  lOpyeo,  A.  H.  ToAManee,  O.  B.  PeSpucra* 

(CCCP,  .’IeMHHrpaj) 

CEKTOPAJlbHAfl  AH ♦♦EPEHUHAUHfl 
APKTHHECKOH  ♦JlOPbl 

1.  B HHc.no  HanCo/iee  yniBHMbix  KOMnoHeHTOB  npnpo,iHux  kom 
n-nencoB  Apkthkh  (A)  bxoaht  h ee  (Juopa.  ITpH  BbipafioTKe  orpa- 
TCTHH  OXpaHbl  reHO(J)OH^a  apKTHMeCKOH  (fuopbl  ( A<1> ) Heo6xO.H1MO 
pyKOBO/KTBOBaTbCH  (Jj-flOpHCTHHeCKHM  pa HOH  HpOBa  HM0M  A 

2.  B()3HHKH0BeHHC  B KOHlie  nJIHOlieHa  apKTHHeCKHX  .la H.mj .!'(>* 
TOB  COBpeMeHHOro  THfia  (KaK  CJieACTBHC  OfipaaOBaHHH  nOCTOHHHOrO 
JieasiHoro  noKpoBa  CeBepnoro  JleAOBHToro  oneaHa  (CJIO),  06- 
.lacTH  cyxoro  apKTHMecKoro  Boaayxa.  BenHoft  wepanoTbi)  hbh.ioci, 
o.ihhm  H3  Motia/ibHbix  na;ieoreorpa4>MHecKHx  co6nthh,  Bbi3BaBuni\ 
K 2KH3HH  COBpeMeHHylO  KOHTpaCTHy K)  30Ha.1bH0CTb  3eM.lH.  Bmuctc 
C HeOTCKTOHHHeCKHM  ropoo6pa  lOB.'lHMCM  3 TO  HaMHoro  paciuupii.io 
apea.ibi  BbicoKoropnwx  <J>/iop  b ceBepHOM  BHeTponunecKOM  nonce, 
cnoco6cTBOBa.no  kohco.i  n.iaiiHH  KpHoifiHTHhix  KOMn.ieKCOB:  ycTa- 
hob.ichhio  kohtbkt a Meauy  paao6meH  hu  m h npeaue  (Juopavii 
MHOTHX  KHKHbIX  BbltOKOropMH,  no.lK.llOMCHHK)  CCBepHhlX  BblCOKOlo 
pHH  EBpa.mil  H AMepHKH  K 06lUeA  CHCTCMe  (Jl^OpHCTHMeCKOro 
oftwena  'lepei  A «uapcTBO  kpho4>htpb».  OfiumpHbie  BbicoKoropim 
CCBepHOH  MaCTH  T30KHOH  30 HN  (c  rOCnO.ICTBOM  TyH.lpORhIX  KpHO- 
(J)HTHbl.X  KOMII.ieKCOB)  HB.1HIOTCH  KaK  6bl  ripO.lO.lHCCHHCM  A.  o6p.| 
3VH  BMCCTC  C HOH  HCnpepblBliyiO  o6.iaCTb  KpHOlflHTHbIX  (fl.lop 
ToJIbKO  B iTMX  BblCOKOTOpbH X M3BeCTHhl  pe.lHKTOBhle  MCCTOH3  XOJK- 
aeHHH  B 11.10 B H Jlawe  po.lOB,  B OCTaJlbHOM  SH.ieMHHHblX  ,1.1  H A 
(Hanp.,  Draba  subcapitata.  D macrocarpa.  o6a  BH.ia  Phipp^ia. 
Poo.  abbrcviata)  Ho  rBoco6pa  ihk>  ^i.iopN,  BbuepwanHOMv  m 
oipomhom  npocrpaHcTBc.  A huo.iho  iac,iy/KHBaeT  paHia  (Ji.iopHCTit 
MCCKOM  06.13CTH.  MTO  npHHHMBeTCB  6o.lbUIHHCTBOM  BBTOpOB. 

AnarHOCTHHeCKHe  I1  pH3HaKH  apKTHMCCKoA  (Jl.lOpMCTIl'ieCKOH  of) 
.laCTH  (AO):  |)  3HACMH IM  CC.1H  HCK.llOMHTb  BH.lhl.  cMB.l  TaxniH 
uuie  b A.  6oraTCTBo  A<t>  mokho  oueHHTb  UH())poA  1 000  biuob,  ii  « 
KOTOpbIX  CBWUJe  '/lO  3H.ieMHMHN  H OMPHb  MHOTMO  C\’6  OUeMM'im.1 , 
3H.ieMH«iHwe  ii  noMTM  BHAt'MHHHue  po.ibi  — Dupontia,  Phippsui 
Pteurcpogon  s str , Arctophila,  boimojkho  m pn.i  .ipynix.  -.h  ie 
MHMHbie  h cy6*H.ieMMHmjc  rpynnbi  bh.iob  hibpctmn  b pp  Pna, 
Puccinellia,  Papaver,  Draba,  Cerastium,  Gastrolychnis , Taraxaar’i 
H Ap  ; MHOfHe  3M.H-MHKM  A — npOUBOTa K)1IIhA . nOBCeMCCTHWft 
moht  ee  (fiAopbi;  2)  CBoeo6pa  me  cHCTCMaTHMecKoA  crpyKTypw  4».iopu 
onpeae.imouieecH  BunaAcimeM  h.ih  yveubmeHnew  po.iH  mh>hh\ 
KpynHNX  (fm.iyMOB  ii  cooTBeTCTBy k>ihm w VBe.iimeHMeM  ao.i ii  H.mfxi 
.nee  To.iepaiiTHWx  rpynn  b KOMnoiHiiiiif  Ad>  Ot.immiih  ot  6ope.i.ib 
HbIX  4>A0p  MHHHWa.il, HW  II  nO.lOCe  lOWHMX  rHnoapKTHMl'CKIIX  TVH.ip 
M peiKO  yCH.lHBah»TCH  K cenepy  A‘>CTaTOHH0  OTMCTHTb  BM.lHHHCeHHe 
»ia  nepBue  MecTa  no  mhc.iv  biuob  mxob  h .iniuafiiiHKOB.  nuna- 
AeHne  m.ioc i-mchiimx  CaMoftwTHocTb  A4>  oTHOciiTeAbHO  ftope.ui.- 
Hux  q>aop  on  pe  Aeji  hctch  Tan  ace  >KO.ioro-<bH3HOAorHMecKMw  m koh- 
CTHTyUHOHHNM  CBOeofipa  IHCM  apKTHMOCKHX  paCTeHIlA.  cnoeo6pa  mew 
BeKTOpOB  ManiOUHH,  OCObCHHOCTHMH  BHA006p§  tOB3HHH  Ii  (p.lopo- 
leMeia 

3 Mm  He  OTHOCHW  K CoftCTBCHHO  AO  6ei.leCHMe,  6o.1t.UJeA 
MaCTblO  Hewepi.lOTHbie  TeppHTOpHH  c OKeaHHMeCKMM  K.l  H w a T< ' \1 


■ ATVitMTMMecKoii  ceKTope  (loro-xaiiajMoA,  mhuA  h toro-aocroM- 
hoA  r pe  h.iihahh,  Hc.iatuHH.  OapepcKnx  o bob.  ceatpa  ^eMHocxaM 
ahh)  h TNxooKcaHCKou  (n  ob  Aahcks.  A.ieyTCNHf  o bi,  KoMaHaop- 
CKHC  O-BB,  CfBCpHBH  H Cpf AHRB  MBCTb  KypH.IbCKHX  O BOB.  BHBlUp 
cKO-ntH WHHCKaa  npoBHH uhr  xboAhux  CT.1SHHKOB ) , rac  BO  4>nope 
AOMMHHpyiOT  tyjKAMf  TMnMHMoA  A OKCAHHHf  C KHt*  H CyOoKeaHHMP 
CKHf  noNn.ieKcw  — Oopea.ibHbif.  rHnoapKTHMfc kmp  h ninoapKTo- 
a.IbHHACKHe  C.lfjyei  MiyMHTb  Boripoc  O BK.1k)H«*HHH  3TMX  TCppHTO- 
pHA  b AO  hb  npaaax  noaoft.iacTcA  CeBepoaT.ianTHMecKoA  m Ceae- 
ponpHTNxooKPancKoA 

4.  B npeae.iax  coOctbphho  AO  mu  bu.ip.impm  iopctl  npoBHH 
LIMA:  I BoCTOMHOCMOMDCKyiO  C noanpOBHHU.IRMM  TafiMUpCKoA 

(BKAiosaa  (>BppHy»o  .ipw.ik>).  AHaftapo-O.ieMPKCKoA,  Xapay.iax- 
CKOA.  RhO  Ko.lblMCKoA.  II  HyKOTCK)IO  i noinpoBHMUMHMM  Kuh 
TMHPHTa.IbHO  MyKOTCKilA  H BepHHntAcKO  MyKOTCKOA  H npHaMry^M 
ckmm  nepexoAHUM  OKpyroM  ( hm  3obi>h  Ana  iupn  m ceaePHaH  sacTb 
KopRKCKoro  noCppfMbR  mo  mho  nbue.iMn.  b Tpprbm  KmHOMyKOT- 
CKyiO  nOanpOBHHUHK)) . Ill  A.IBCKHHCKyiO  C riOJinpOBMHUHRMH 

BrpHHIHACKO-A.1HCKHHt.KoA  M CpBPpoa.IM.  KHHCKoA  (OKpyr  CPBPpO- 
3ana.iHoA  A.ihckm  BK.noMaa  lana.iHbie  OTporn  xpeftia  Bpyxca  - 
awa-ior  flpMaMry^MCKoro  nepexoAHoro  oxpyra).  I\  KanaJcKo- 
rpeH.iaHflCKyio  c no.i npoBHH  a n h w m UeMTpa.ibHoK  ina.icKoA  (bk.iki 
saa  loro-ianaAHyio  Ma<Tb  apxnne.iaral  3an*AHoryA30H  ■ koA 

( BK.IIOMa  H CPBPpO  fanajHVMi  H UeHTpa.IlHVH  M il  i T H Ba4>4>HHOBoA 
3fM.1H ) , 3jlCMHp  CeBrporprH.iaHlc  K,  A Sj-  a .H.  ■'  , . ao.oi  ic koA  h 
BoCTOMHOrpPH.laH.lCKOH  \ Ba<t'4>HH«»  .Haftp.J  t i K \ H \l  I H 

poodteio-SanijDUWcaftttpcKyio  < no  np  m huhbmh  K »hhm  llewf 
ckoA,  ypa.io  HoBOJfMP«ib<  *■  »A  SI  m a I .no  k A < i«  o.ftap  a 

( BK.iK'  <aa  JeM.iK*  <bpaHUa  Hoi  H$a) . o Wm  Mhhcm  t imuh  cto 
DOHN.  CPtPpHyiO  sairb  o BtiH  BppUMO  H.)  m opH  l.'l,  MHHtbl  H.1H 
K pylPHUJTPpHa.  Cb  .laBpPHTHH  < B MaTBPH  Ipv'ofi  MX 

oftPAHPHNUMH  OKPBHHMPCKHMM  <$MopaMM  BN  i(*.1H|OT<  M H .iHTO 
HoMHUX  OK  pci  a Ha  CTfalKP  l\  H VI  II  M III  HP  H Hit  II  Hi' 

T BKH  M ofipa  »OM  M N U . . • M . f r j .i  ,t«  i V \ MM 

. 

paiHUX  M8CTPM  AO,  B.1HHHHC  M.i  (p.-l •>;  . M-  ’MIJ'  lip.1  MNX  yt.l< » 
BUM  (pe.1bP(t\  .IHTO.IOIMM  M tpl  M Tt*  IM  SOHTMMt  M I a U ’lot  *H 

KJiNMa ra  (UlKpoTHaa  u m 

A OTpaMPHa  H.1MI1  B CXfV.  ft.-T.IM.'S  , { • MU  ||,  rVM.l 

pOBoH  IOMW  J1.1H  Ka*  1 11  , »hH  * OOI  H I 'HHHulIM  'tT.1M.1t  H 

aHa.IHTHMPCKHA  CI1MCOK  BM  P H H |».l  H KOTOpNA  BK.IKIMPMN  til  If 

mum  h cytmammm  • • | 

B.IbHUP  BMAM  IBblftopOMHo  HlllMt  H MPt  . K'T.1  M.1M  HMtHjlU,HP 

3>lfcb  oftocoft.iPHHU A tferaiM*  iit  ap**aint  i.maiHUP  m bocto  imijp 

KOaHlp^P^HUHa.IbHNt*  HH  IN  (HaXO.lfllCH  H I.IMMt.H  (()HTOXOpMH  ■' 
OTBPTCTBP H HO  y CBOeTo  BO('TOMH<  l t)  M.1M  tai  l lHoro  npP.HM  1 H 
TO.IbKO  B HPA  BCTpC'iaiOTt  H OBMfCTHO).  HPfaTMBMO  .lM^X^PpPHI  H 
a.IbMW*'  H HeraTHBHO  h ' 1M(|' } • P«  MIIMa.IhHIJ'  HH.tN  (OTt  VTCTB\  H < 
LUMP  B jaHHflA  lJ>HTOXOpMH.  HO  MpHC VTCTHVKlUl Hr  It  ..fttMX  lOCe.lHMX, 
^h6o  P OJHoA  M3  .IByx)  Bhm.1V  loro.  MTo  (J) oopiK  TUMPCKOf  (H  toft 
paiHe  OMeHb  HPCXO.lMti  npOHB.IHeit  H B paiHMX  It l.irOTHbIX  no.ipa  1 
Ae^eHMHX  A.  Heoftxo.iHM  , kovi:  :•  Ki  naH  : hk  i c-  no  p.i  i.iioihum 
noKaia  ejiHM  co  BiHoiuiiBaHiiPM  npH imbkob 

CeKropa.IbHUH  aHJPMHlM  XopolliO  npe.lt  Tan. K-M  .IHUib  n II  If 
III  fip  tBMHUMH X (BepHHTHAt  KHA  t PKTOp  A)  h '.lrr  yHMBfpt  d.lb 

HUM  H KpHTepHHM  H HB.1BK)T  H BblftopOMHOt  <3 XO)K.K'H HP  C KM  il 

b pa3Hbie  ceKTopw  ftopea^bHUx  w apKT"  i.ibnuAcKMx  bh.iob  ,i  hi 

MeHt-HHP  COOTHOU1CHHH  KOMTHHPMTB.IbHUX  H tiK'.lHH'H'iKMX  (Ifto.lb 

ineA  MacTbio  Ko.iHrfMpepeHUiia^bHUx » bh.iob  H.i.ifto irr  (J».iopn  rn 
MeCKH  UPJIbMUMM  e/lMHHU.IMH  B HBlUCA  CXfMf  HB.1HK)  fCH  no.inpoBHH 
UHH  (18).  npOBHHUHH  H<e  (kpOMe  V’)  Upr.lC ! BB.IHKlT  oftlAMHIIt'HHH 
no.inpoBHHiiHM  no  npMHUHiiy  MaK(  MMa.ibHoro  cxo.i  th;i 
Mam.i  cxeMa  — nepBNit  .iPTa.ib.uii  npopKT  (})nopHCTHMPcKoio 
pauc.iPHHH  bcpA  A,  cHaftmeHHbiA  noapoftnoA  xapaKTPpHCTHKoA 
bmac.ior 

5 E.imhctbo  (p.iopu  AO  onpo.ie.iHt  tch  up  To.ibKo  bucokmxt 
«y.ie.ibHUM  bpcom*  b weft  UMpKyMno^npHux  biuob  (ot  ^ ,10 

CBUUie  ^ C0CT8BB  .lOKB.IbHWX  (J),10p.  C nOBWUlPHHPM  .10.1H  B HB- 

npan.iPHHH  c »ra  na  coBep),  ho  m iumpokhm  pacnpocTpaHeHHt  vc 
KOHTHHeHTa/lbMI.IX  -t-ieMCHTOB  <I>.l()pN  KOHTH  Hr  II  T.l-I  hll  WX  CCKTOpoll 
AO.  nOMTH  .1MUJPHHNP  OMBHHMrCKMX  3.1PMPHTOH,  B oft.iaiTM  BrpMH- 
roBa  npo.iMBa  paue.ienN  .iMiiib  «cMeuiaHHUMH>  (KoHTMiieina.ibiio- 
oK.  dHH'ie,  KHMHi  (p.iopasiH  n oboh  MyKOTCKoro  h Cbioap.i.  a Ta k >Kt* 
OMPHb  y»KHM  cOKeaKMHetKHM  KvIHHOM » OCTpOBHUX  (J).I(lp.  B fiepHO-iU 
ocyujeiiMR  npo.iHBa  koh t hiich Ta.i imiijp  ((i.iopu  Aihm  h Amppmkh 
COf4HHH.1Ml  b B n|.Ha T.ia HTHMCCKOH  MatTM  A CPKTOp  «CMPUiaimUX* 
4>.iop  naMHoro  uiHpe.  ocoftenno  n fto.iee  mm ikwx  iimpoTax 

PaCIlpOtTpaHeHHe  KOHTHIlPHTaabHUX  i.lPMeHTOB  B A ftu. 10 
no'ITH  HetipepUBliblM  B lIPpHO.l  l.lofta.IbHoA  pPI  pi  CCHH  IIOUHrlO 
n^fAcTOUPHa,  a,  boimo/kho.  h h iiouiu  m ii.ihoiiphp  paimeM  n.lPH 
CTOUeMP.  T 0 B »m>xy  CTaHOB.lCHMH  COBpPMPHHUX  apKTII'IPt  KIIX 
.iaH.iiua(|noB  mojkiio  npt‘.ino,io>KHTb.  mto  b Avepa  ihAckom  cyft 
fiacceAHe  ^e.ioBbiA  noKpob  ycTaiioBH.icH  paiibiue.  mpm  b I.Bpa.Mr 
piiAtKOM.  m ftw.i  CTaftii.ibHee  PacnpocTpaNemir  oKp.imi'it*€Knx  t.k* 
MPHTOB  pat 'UlllpR.lOt  I.  B *f|OXM  MOpC  KHX  1 pHIICI  pPCUIH  (BK.IK)'iaH 
IO^OIieHOB>K))  . MenpepUBHUM  OHO  MOr.10  ftlJTl.  B n.llfOUPHP  ,io 


oftpaaoBAHHN  nocTORNNoro  ncACBoro  sotpota  CJ\0.  Coxp anenat 
c nosAMfro  n/ieAcrouena  noun  x«ui  erttnati  pgcfnnt  n§  o Bp  an* 
reaa  m loro  aanaAHUX  o-sax  KanaACKoro  apxiniMara  h«  cornacy* 
eica  c ntnoTcaoft  o tioahom  cranaaana  AbAoa  CHO  a tennyio  anoxy 
roAouena.  OseaHAno.  neAnnoA  noipot  coipaaMca  xoth  ftu  a Arne- 
pa ihAckom  cyftftacceAne  IlpiuiTAavT««MCMW  a onaern  n paftepea- 
rHAcKHe  paAoHU  HcriUTana  floaa— t aotAaftcraiac  ojteaentnnh  h 
mopckhx  TpaHcrpeccaA.  Hemcaa  ■oarNaairraAbaye  ceKTopu  A. 
OcBoftoxAaaojHeca  Teppnropni  c nep cxoanmm  kamm atom  lacena- 
.1  HCb  M 3 OftlliHpHUX  KOHTHHf MTAAbHMX  H 60AC*  Ki*HUX  (MtHM  npO- 
THmeHHux)  OKeaHHMecKHx  pe^yrHyuoa 
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CONDITIONS  AND  PECULIARITIES 
OF  CONSTRUCTIONS  PROJECTS 
IN  THI  PERMAFROST  AREAS 

vr'opment  »f  permafrost  areas  is  connected  with  certain  dif- 
''  ' .md  t xtra  expriise*  which  are  caused  not  only  by  remote- 
r"*ss  ,r(»m  main  industrial  centres  and  bases  of  construction  in- 
d >tr\  by  t. implex  transport  connections,  little  density  of  popu- 
late n ,md  severe  climate  Frozen  grounds  (and  ice)  used  as 
foundation  surroundings  or  building  materials  possess  specific 
f-  11  '•  resulting  m another  approach  to  research,  design,  cons- 
truction  and  « *t ti**r  kind  of  man’s  activity  in  these  regions 

VUu-ri  designing,  constructing  and  running  units  intended  for 
different  purposes  m permafrost  areas,  a following  peculiarity 
fiimM  hr  taken  into  account,  i e heat  exchange  between  frozen 

8ro  ftds  and  construction  units  as  well  as  the  Environment,  for 

I1-  • 1 1 HUih.imc  i and  building  properties  of  the  frozen  grounds 
* * with  melt  1 free/e i and  temperature  variations  in  the  nega- 
' • r *nge  I fiis  fact  is  accompanied  by  development  of  cryogen 
, aihich  havi  ■ irmful  impa< t on  the  stability  .*t  cons 

trio  lion  units 

In  the  early  I'nh  century,  while  constructing  Zabaikalskaya 
and  Vmurskaya  railroads  it  was  found  that  the  methods  used  in 
Hu  VK « • t . r 1 1 regions  of  the  country  (on  melted  grounds)  are  not 
'IT1'1  «b|,  mi  permafrost  area-,  for  construction  units  (buildings, 
ro  1 ! bridges)  m the  course  of  short-term  maintenance  deform 
■m  i go  in  rum  I herefore.  conventional  constructions  and  techni 
•jin  which  proved  to  he  success  under  usual  conditions  cannot  he 
'*  1 11  ; • • • 1 1 n . « f r 1 region-,  moreover,  mechanical  transfer  of  these 
into  permafrost  areas  results,  as  a rule,  in  disastrous  effects 
I g 1 , ring  pi.i  tivi  and  th«  results  of  scientific  studies  al 
love  d to  develop  not  onlv  general  principles  and  techniques  of 
• >n*ti  iction  on  frozen  grounds,  but  to  define  concretely  thes< 
principles  for  different  types  ind  classes  of  construct!  n 
as  well  as  differen*  type  of  work. 

v ' sent  according  to  normative  documents  there  are  two 
main  principles  ",  using  frozen  grounds  in  tin-  I'SSR  either  in 
■ 1 ■ 1 1,1  mi  melted  state,  the  latter.  .1-  .1  rule,  preliminarv 

mdled  to  he  adjustable  However  there  are  no  strict  houndarie- 
between  these  When  ihoo-mg  one  principle  or  the  other,  regional 
pec  iliarities  of  distribution  and  structure  of  permafrost  lasers 
are  taken  into  account  From  this  point  of  view,  the  following 
regions  are  distinguished  I)  continuous  propagation  of  low  tem 
peraturc  permafrost  grounds  t\,tkui>k.  Norilsk  et  *1);  2)  coni 
iiuotis  propagation  of  high  temperature  permafrost  grounds  of  low 
depth  (Mirny,  Igarka)  and  d)  island  or  discontinuous  propaga 
tmn  of  permafrost  l or  the  first  two  types  of  grounds  the  fir-t 
principle  of  construction  is  used,  for  the  third  type,  both  the  first 
md  -eiond  principle-  may  be  used,  depending  on  individual  r 
ma frost  conditions  of  the  sit<  The  first  princijilc  docs  not  « »n l \ 
take  into  account  actual  conditions,  but  governs  the  property 
of  grounds  m.  the  broadest  sense  of  the  word,  up  l 1 1 

creation  of  frozen  depths,  let  alone  frozen  ground  coo'  g . 
to  increase  its  durability  and  watertightness  The  s - 
ciple  mav.  in  certain  cases,  he  the  onlv  one  acceptable;  this  |S 
associated  not  only  with  individual  properties  of  pertnafr 
depths,  hut  also  with  the  Ivpe  of  a construction  unit,  its  pur ]>• 
arid  teihilologv  of  industrial  activities 

I he  first  principle  is  most  obvious  when  frozen  grounds 
u-ed  .1  - foundation  for  civil  and  industrial  construction  Different 
types  of  foundations  ensuring  the  preservation  of  frozen  -i.m  - i 
grounds  at  base  have  been  developed  The  simplest  solution  is 

arrived  at  by  elimination  of  direct  contact  i w . . ■ • h it  I 

building  and  ground  surf.  10  bv  establishing  a ventilated  ar 
In  car  nch  .1  Mdlar  cannot  he  established  (lor  cO!1strtlCti\ 
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other  reasons)  artificial  cooling  is  used,  cither  along  the  houii 
dary  of  building-ground  surface  or  of  the  entire  frozen  ground 
mass  serving  as  a foundation 

The  above  principles  may  relate  to  different  kinds  of  construe 
tion  While  laying  engineering  communications  within  a city  re 
gion,  the  principle  of  construction  is  governed,  as  a rule,  by  the 
principle  oi  using  permafrost  grounds  ,js  foundation  of  buildings 
and  other  construction  units.  If  civil  and  industrial  construction 
is  carried  out  with  frozen  state  of  ground  preserved,  then  a simi- 
lar condition  should  be  observed  for  engineering  communications. 
In  case  the  construction  is  carried  out  according  to  the  second 
principle,  such  a strict  interconditionality  is  not  necessarily  to  be 
observed.  Different  constructions  and  techniques  have  been  deve- 
loped for  laying  communications  without  disturbing  frozen  state 
of  grounds  The  most  effective  method  is  laving  engineering  com- 
munications of  all  kinds  in  two-layer  communicating  (ventilated 
in  the  colil  period  of  the  year)  channels. 

When  laying  main  pipelines  (water  pipeline,  petroleum  pipe- 
line, gas  pipeline  etc.)  the  choice  of  a construction  principle  and 
laying  technique  becomes  complicated  by  the  fact  that  the  pipe- 
line may  intersect  the  regions  of  completely  different  gcocryologic 
conditions  However,  the  experience  obtained  shows  that  while 
building  linear  constructions,  measures  should  be  taken  to  pre- 
serve as  far  as  possible  not  only  thermal  regime  of  permafrost 
grounds  but  natural  conditions  as  well  In  case  there  is  no  way 
to  avoid  disturbances,  the  latter  should  he  brought  to  minimum, 
taking  into  account  a detailed  prediction  of  thermal  mechanical 
interaction  of  the  pipeline  and  constructions  above  with  perma- 
frost grounds  m the  course  of  preliminary  work,  during  construc- 
tion and  subsequent  maintenance 

Planning  and  construction  »f  highways  in  permafrost  regions 
is  carried  out  on  the  basis  of  dividing  the  area  into  districts  and 
using  the  above  two  principles  of  permafrost  ground  application. 
When  dividing  the  area  into  districts,  the  factors  affecting  the 
stability  of  road  constructions  are  taken  into  account,  which  are 
as  follows  a character  of  permafrost  ground  propagation,  its  tern 
perature,  and  type  (both  permafrost  layers  and  those  subject  to 
seasonal  thawing)  \ construction  principle  and  appropriate  sub 
grade  structure  are  chosen  in  dependence  on  the  type  of  area  and 
degree  of  foundation  ground  settling 

Hydrotechnical  constructions  arc  also  built  according  to  the 
above  two  principles  What  complicates  the  matter  here  is  en 
surance  of  not  only  statical,  but  antifiltration  stability  of  certain 
construction  units  of  a hydro  electric  station  Low  and  medium 
pressure  (up  to  25  m)  dams  made  of  local  construction  materials 
(earth  made)  are  erected  using  both  I)  .1  method  when  the  frozen 
state  of  foundation  grounds  is  preserved  and  2)  when  thawing 
is  permissible  in  the  course  of  maintenance  (depending  on  perma 
frost  and  enginee*  mg  geological  conditions  and  the  degree  of 
ground  settling)  Preference  is  given  to  the  first  principle.  In  tins 
case  the  body  of  a dam  and  its  antifiltration  element  should  also 
he  in  frozen  state  The  latter  is  ensured  either  by  I)  laver  to-layer 
freezing  of  the  earth  dam  or  2)  freezing  the  dam  upon  its  com- 
pletion by  natural  cold  from  the  lower  slope,  <»r  I)  applying  com 
pulsory  freezing  systems  High  pressure  rockfill  dams  are  erected 
on  a solid  rock  foundation  using  the  thawing  version  of  construc- 
tion, maintenance  of  these  dams  i>  similar  to  that  used  under 
ordinary  conditions 

The  above  mentioned  principles  of  using  permafrost  grounds 
are  also  applicable  to  special  kinds  of  work  (mining,  for  instance) 
which  are  not  dealt  with  in  this  paper  The  types  of  construction 
discussed  give  an  idea  about  specific  features  of  construction  on 
frozen  grounds 
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yCJIOBHH  H OCObF.H  HOCTH  CTPOHTFJlbCTBA 
B ObJIACTM  BEHHOR  MEP.'iJIOTbl 

OcBOCHHe  odjiarm  parnpocTpaHemiH  bchhoA  Mepi.ioTU  CBBintio 
c onpe.ie.ieimiJMii  Tpyji hocth mh  m AonoAHHTo.ibHiJMH  i.irpaiaMii. 
KOTOpwe  ortyc/iOB-ieHN  no  to.ii.ko  y.iaaennocTi.io  ot  ochobhmx  npo- 
MblUIACHHMX  lieHTpOB  II  fia.1  CTpoAHIt.iyCTpHM.  CAO/KIlblMH  TpaHC 
flOpTHMMH  CRB  IBM  11.  lie  IHa'IMTeAl.HoA  RAOTHOCTbK*  liace.lCHNB  H i'V 
poBbiM  kzihmhtom  Mepi.ibie  rpyiiTN  (a  Tanave  aca)  kbk  ocMOBaiuie. 
cpe.ia  hah  cTpoHTezibHwft  MaTepitaA  odaaaaioT  ocoBmmii  cboAct 

MU,  odyC.IOBZIHBaiOUUfMH  HHOA  110.1  ton  K H'thlCKBHHftM.  npOTKTH 
pOBaHino,  cTpoHTe.ibCTBy  coopyJKfHHft  h ApyrHM  BH.iaw  we.ioBe'ie 
ckoA  .leBTe/ibHocTH  b 3THX  paAoHax 


OcofieHHOCTb  npOeKTHpOBailHH,  CTpOHTCAbCTBa  H <KCri.iya7aHHM 
coopyjKeHHft  paiziHBHoro  Ha.iHaneHHM  Ha  bchhoA  nepi.iore  tah.iio 
naeTCB  n neofixoAHMocTH  yneTa  h peryziHpoBKH  TenAoofiMeiia  Mepi- 
^bix  rpyHTOB  C COOpyjKfHHBMH  H BHeUJHcA  Cpe/loA,  T3K  KaK  MX  lf)H 
3HKO-MexaHHMeCKHe  H CTpOHTeabHUe  CBOACTBa  H3MeHBIOT i H ripn 
npoTanBaHMM  ( npoMepaaHHH ) hah  H.iMeHeHHH  TeMnepaiypu  b ot 
pHiiaTezibHOM  AHanaioHe.  3to  bahb  h hc  conpoBOM.iaeTCH  paiBH 
THCM  BpCAIIbiX  AAB  yCTOAwHBOCTH  COOpyJKCHMA  KpHOrPHHUX  flpO 

ueccos. 

B iiaqazie  Hauiero  sena  npH  CTpoHTezibCTBe  3a6aAka.ibCKoA  m 
AMypcKoA  rceae 3«ux  Aopor  HHmeHepw  npHiuAM  k BbiBo.iy,  hto 
cTpoHTb  b 3thx  paAoHax  Ha  MepaAux  rpyHTax  t«k.  KaK  b iana;wux 
paAoHax  cTpanu  (na  tbamx  rpyHTax),  iieAbSB:  coopy/KeiiMB  (iAa- 
hhb,  AoporM,  moctu)  b npouecce  Henpo^o^)BHTe/ibHoA  3Kcn.iyaTa 
UHH  Ae<J)opMHpyiOTCH  h pa jpyiiiaioTcii  3flecb  hcboimojkho  orpaHH 
MHTbCH  oCmeiipilHBTUMH  KOHCTpy  KLIHHM  >1  H UpHeMaMM,  KOTOpMe 
xopouio  CefiB  .33 peKOMPH.IOBa.IM  B 06blHHUX  yc.lOBHBX,  fioACC  TOfO, 
MexaHMMecKHA  nepeiioc  hx  b 3tm  yc.iOBHn . KaK  npaBM.io,  rphboaht 
K KaTaCTpo4>HWeCKHM  nOCACACTBHHM 

1 1 H/KeHepiia  h npa kthkb  h peiy.ibTaTM  naymiux  H(  c.ir.iORaHHfi 
no3Bo.i hah  p^3pa6oTaTb  we  to.ii.ko  o6uine  npHHUMnu  m mctoau 
CTpoiiTe^i bCTBa  iia  Mep.iAux  rpyHTax,  no  m KOHKpeTinwpOBaTb  hx 
*1*1  B p<i3AHHHblX  THROB  II  K.iacCOB  COOpyiKCHHA  H BM.10B  paftOT. 

B HacTOBmee  BpeMB  b CCCP  HopM  htmhh ijm h AOKyMeii t a m m pe- 
TTiaMeiiTHpOBaHO  ,1Ba  OCHOBHIJX  npHHIlHIia  HCn0Ab30BaHMH  MepiAWX 
rpyHTOB : c coxpaneiuieM  hx  Mep3Aoro  coctobhhb  m c mx  orraMBa- 
HiieM,  KaK  npaBHAO,  npe/iBapiiTe.ibHbiM,  ynpaBAHeMuv  Me>K.iy 
H MM II  HPT  CTpOTHX  rpaHHIl  Hblftop  TOTO  MAH  HHOTO  npMHIlMlia  ofiyc- 
aobach  pernoHa.ibHbiMH  ocofieHHOcTHMH  pacnpocTpaHPHMB  m cTpoe- 
HHB  BeMH0Mep3JI0H  T0AU1M.  C 3Toft  TOHKM  3peHHB  pajAMHBKJT 
paAoHbi:  I)  cn.iouiMoro  pacnpocTpaneHHB  HMiKOTeMiiepaiypuNx 

Be'iHOMepi.ibix  nopoA  (^kvtck,  Hop»i^ik:k  h .ip  ) , 2|  cu.iouiHoro 
pacnpocTpaHPHMB  Ma.ioMouiMwx  BbicoKoieMnepaTypHiwx  iieMHO.wepi- 
ANx  nopoA  (MnpHbiA,  Hrapna)  h 3)  ocTpoBiioro  h.ih  npepwBHCToro 
pacnpocTpaHPHMB  BemioA  Mep3zioTbi. 

/I .IB  nepBbIX  .1BVX  THnOB  — OCHOBHOH  npHHUHn  CTpOHTC.l I.CTBM 
nepBUH,  ,iab  TpeTbero  — nepBWH  h BTopoH,  b aaBitcHMoriH  ot  kohk 
peTHMX  Mep3.10THblX  yCAOBHH  nAOlUa.IKH.  riepBblH  lipHMUMlI  npe  IV- 
cMaTpiiBaeT  He  To.ibKo  yneT  (JiaKTHHecKHx  ycAOBinT,  no  u yiipan.u 
HHP  CBOHCTB3MH  rpyHTOB  B caMOM  UJHpOKOM  CMbICVie  C.IOlia,  Bll.lOTI. 
AO  HCKyccTBeiiHoro  coiaaniiR  wepsAow  toavuw.  w tpm  Goav-v  ox- 
/laaueHHH  MepaAux  rpyHTOB  a.ih  noBumeiiHB  hx  npo'uiocTM  m.ih 
BO.IOHenpOH H liaeMOCTH . BTOpOH  Iipniliuni  MO/KeT  fiblTb  B IlCKOTOpMX 
C.IVHaBX  e.lMHCTBPHHO  IipMeM.ieMl.IM,  HTO  CBB33HO  He  TO.II.KO  C KOIIK- 
peTHMMII  CB0HCTB3M M BPMH0Mep3A0A  TO.IIUH,  HO  11  THIIOM  COOpV  /Ke- 
hhb,  ero  Ha3HaMCHHCM  m TexHOAoriieA  npOH3BO.icTBemion  .ieHTe.ii. 
HOCTH. 

HanGo.iee  narviHAHo  nepBbiiT  npHHann  Bon.iomaeTCB  npw  Mcno.ib- 
30Bail II II  Mep3AWX  rpyHTOB  B KaweCTBe  0CH0BBHHH  npil  rpa/K.I.IH- 
CKOM  M IlpOMblUI.ICHHOM  CTpOHTC.l bCTBC  Pa.tpa60TaHbl  pa  UII'IHNC 
KoHcrpy Kim h (pyHAaMetiTOB,  o6ecuemiBaiouiiie  coxpaHeinie  MepaAoro 
COCTOBHHB  TpVHTOB  OCHOBaHHB.  HpOCTeAuiee  pemeilHO  lICK.IKIMIIIb 
h e noc  pe  act  Be  h h bi  A kohtb  kt  OTaiiAHBaeMoro  tabhhb  c noBepxno- 
CTbio  rpvHTa  ny  Te.M  ycTpoAcTBa  npoBeTpiiBaeMoro  iioaiioai.b  1 1 pit 

HeBO  1MO)KHOCTlf  (RO  KOHCTpy KTHBHblM  HAM  IIHIJM  COOl'ipa >KPH MB M ) 

ycTpoAcTBa  RpoBeTpHBaeMoro  ro.iroai.b  rphmphbiot  HCKyccTBeiiHoe 
ox.i.i/K  leiiMe  rpyHTOB  ah6o  Ha  rpaHime  coopyaiemte  — nonepxHocTb 
rpvHTa,  ah6o  Bccro  MacciiBa  Mep3Abix  nopoA,  KOTOpuA  ca\>kiit  oc- 
HoBamieM  coopy>KeHHB. 

/lBa  RpHHUHRa  HC  nOA  b30Ba  H II B BeMHOMCpiAIJ  X rpyHTOB  H M eK)T 
MeCTO  lip  If  pa3AHHHNX  BHAHX  CTpOHTCAbCTBa  Tlpil  lipOK.ia.1KC  ItH- 
HveHepiibix  KOMMVHHKauHA  b npe.ieAax  ropoACKOH  3acTpoAhn  BijGop 
MeTO.ia  CTpOHTeA  bCTBa  AIlKTyeTCB,  KBK  II  pa  BH  AO,  UpHHltllllOM  HC- 
ROA  b 70  B a II  MB  MOpiANX  rpyHTOB  B KaMPCTBC  OCHOBBHH  A 3ABHIIH  It 
coopyiKeHHH.  Lcah  rpamAaHCKoe  vi  npoMwuiAeHHoe  CTpoimvibcTBO 
BC.ieTCB  c COXpaHeHHCM  MCp3AOrO  COCTOBHHB  rpyHTOB.  TO  ana.io- 
riiMHoe  ycAOBiie  aoajkho  oGb  iaTCAi.no  cofiAioAaTbCB  m ;iah  nn>Ke- 
HepilblX  KOMMyHHKaitllA  I Iplt  C TpOH T CAI.CT lie  RO  BTOpOMV  (ipilHIlliny 
TaKoA  /KCCTKOA  niailMIIOM  06yCAOBACHHOCTH  MOHVHO  He  lipH.iep>KH- 
BaTbcB  PaapaftoTaiiN  paiAiimiue  kohctpvkuhh  h npneMbi  npo- 
KAa.IKH  KOMMyilHKamiA  C COXpaHellHOM  Mep  iAOK)  COCTOBHHB  rpyHTOB. 
llaHfio.iee  3(}><f>CKTMBHblA  MCTOA  RpOK.ia.1Ka  BC  ex  BH.IOB  llll/KC- 
HepHWX  CCTCH  H AByX-bBpycilblX  lipOXO.IHblX  (BellTll.llipy  eMl.IV  B VO 
ao.ihwA  nepHOA  roAa)  Kana.iax  yTHAii.iopax 

1 1 p m npoKAa.iKc  MaiHeTpa.ii.Hux  TpyfiotipoBo.ioB  (bo.iobo.tob, 
ne<)> reiipoBoaoH,  raionpoBo.ion  n .ip  i nufiop  npHiuutna  cTpoine.ii. 
erna  h mctoaob  RpoK.ia.iKii  ocao/khoh  tcm.  mto  Tpacca  Tpyfionpo 
no.ia  moikct  nepeceKaTb  paAoiiu  c ionepujenno  paiAHmiwvi  11  ioo 
KpHOAOl  H'leCKMMM  yCAOBHHMH  O.lliaKO  11.1  KOnACIUUJA  K HaCTOBIHe'lV 
BpCV-  HH  OniJT  CTpOHTCAbe IBa  11  3Ki  R.iyaTailHM  riOIBOARCT  KOHC1.1 
THpOBaib,  HTO  CTpOHTCAbCTBO  AHHeilHIJX  COOpV  vKOHIIIl  .10.1 /Kilo 
BOCTHCb  C BIJROAHeHMeM  TpeOOH.IHMM  VI.IKi  M VI 3.1  bill)  HO  IMO/KII0H * 
COXpaHCltHB  IK*  TOAbKO  TCpMH’leCKOrO  peiKHVI.I  BCHIIOMl’P  1.1IJX  ip\H 
Ton.  MO  H RpHpO.IHOH  Oftt  T3H0BKH  B UCAOM  1 1 pH  HeH.l6eHvHUX  IM p\ 
liieiiHHX  OKpy Mamuieft  cpe.iu  mx  hcoGxo.ihmo  cbcctm  k MHiniviyviy 
it  a ociionaHiiH  aetaAbHO  npopa6oiai<HOio  npoi  no.ia  pe  iy.ibi.iron 


Terwioioro  m ncxaHimecKoro  BaaHiioAeAcTBHB  TpyftonpoaoAa  h co- 
opywemiA  hi  He*  c leiHOMepanyMM  nopoaaMH  h npoueccc  npoee 
aeHHa  noaroTomre^bHy*  paftoT.  coOctbchko  CTpoHT«.ibCTBa  h no 
cneaviomeA  aKcnjiyaTauHM 

MpoBKTMpoaaHHe  m CTpoHTe^bCTBo  aiToiioftH;ibHy  x Aopor  B oft 
JI1CTH  pacnpOCTpaMBMHB  BPMMOMep3.1WX  rpyHTOB  le.ieTCB  C yMCTOM 
pa AoHHpOBBH MB  H TCX  Mt  JlByi  np HHUHTIOB  HCn0^b30B8HMB  Mfpj 
J1MX  rpyHTOB  PaAoHHpOBBHHe  TfppHTOpHH  npOHIBOAHTCB  Ha  OCHO 
BBNHH  $BKTOpOB,  OK81N B8101UHX  CM.lbHOP  B.IHBHHe  Ha  yCTOflHHBOCTb 
flOpo*HhlX  KONCTpyKUHA  XBpaKTfp  pacnpOCTpaHfHHH  BPMHOMPpj 
-nyx  rpyHTOB.  hx  TrunepaTypa.  TMn  rpynra  (Kan  BemioMepi.ioro, 
tbk  h b npeae.iax  caob  ce30HHoro  orraMBaHMB)  ripHHUHn  crpon 
Te^bCTBa.  a COOTBeTCTBCHHO  H KOHCTpyKUHB  lPM.IBHOrO  IlO.IOTHa 
ByftHpaiOTCB  a.ih  Kanaoro  By.ie.ieHHoro  ) Mac  t Ka  Tpaccy  h ubh 
CHMOCTH  OT  THna  MeCTHOCTH  M CTeneMH  npOCIAOMHOCTH  rpyHTOB  oc 
HOBBHMB. 

CipOHTPJl bCTBO  rHflpOTeXHHHPCKHX  COOpy*PHMA  T a K/KO  npOH  IBO- 
AHTCB  MCXO.IB  H3  AByx  npHHUMnOB  HCflOJIb  lOBBHMB  »PMHOMPp3.1N X 
rpVHTOB  Oc.TO)KHBK)lUHM  oftCT  OBTP.IbiTBOM  3.1PCb  B B.1BCTCB  oftec 
nPMPHHP  He  TO.lbKO  CTaTMMPCKoA  HO  M npOT  HBO($M1JlbTp8tlHOHHOA 
yCTOftMHBOCTH  OTje-TbHUX  COOpyHU  HHA  IH.ipoyi.ia  HhBKO*  H CpPfl- 
HenanopHyp  (ao  25  m)  n.lOTHHy  hi  mpothux  cTpOHTe.ibnyx  MaTP- 
pHa.IOB  (3eM.1HHye)  B03B0.1BTCB  KBK  no  MPTO^y  COX'"  aHPHHB  Mpp3 
^oro  COCTOfl HHB  rpyHTOB  0CH0B8H MB . T.1K  H C lonyUlPMHPM  0TT8MBa 

hub  b npouecce  3Kcn.iv  aT  an  hh  (b  iaBH<  hmocth  ot  Mepj.ioTHbix  h 
HHHieHepHo  reo.iorHMPi  kmx  ycnoBnA  h CTeneHii  npocaaoMHOCTit  no 
po.i)  lIpejnoMTPHHe  OT.iaeicB  nepBowy  npiiHUHny  crpoMTe.ibCTBa. 
hpH  3TOM  TfAO  n.lOTHHy  HJ1H  PC  npOTHBO(f>H.1bTpaUMOHHW A i.lCMeHT 
TaKHte  ao.DKHM  HaxonHTbcB  b Mepj.ioM  coctobhhh  rioc.ie.iHep 
oftecneMHBaeTCH  jihOo  noc.ioAHUM  Ha  yopant  11  bbh  hpm  3pm.ibhoh 
n.lOTHHy.  .ih6o  npoMopa>*;iBaHii<M  ee  noc.ie  BOjBe.ieH hh  co  CTopoHU 
HH30BOTO  OTKOCa  3a  CMCT  PCTeCTBPlIHOro  X0.10A8,  JIh6o  npHMPHeHHPM 
npHHyAHTe.ibHMx  3aMopai*itBaiomiix  chctom  BycoKOHanopnue  Ka 
MeHHonaftpocHye  n.iomHy  boiboihtcb  na  Henpoca.ioMHOM  CKa^h- 
hom  ocHOBaHHH  no  Ta.iOMy  BapnaHTy  h yc.iOBHH  hx  *Kcn;iyaTauHH 
HdHaHHTe.IbHO  OT.lMMaiOTCB  OT  OfiNHHhIX 

My  He  paccMaTpiiBaeM  cneuna.ibnye  Bii.iy  paftoT  (HanpiiMep. 
ropHWx),  ,i.i b KOTopyx  c^opMy.iHpoBaHHMp  bn uie  npiiHUHny  hc- 
n0.1b3OB3HHB  BOMHOMepi.iy X rpyHTOB  T3K/KP  npHeM-ICMU  PaCCMOT- 
peHHye  bhan  CTpoiiTe.ibCTBa  AaioT  .locTaTOHHoe  npeACTaB-nenHC 
o cneiiH4>HHecKnx  ocofteHHOCTB  x CTpoiiTe.ibCTBa  na  Mep3Ayx 
rpyHTax. 
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